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ABSTRACT 

This ninth of 10 blocks of student and teacher 
materials for a secondary/post secondary level course in electronic 
principles comprises one of a number of military-developed curriculum 
packages selected for adaptation to vocational instruction and 
curriculum development in a civilian setting. Prerequisites are the 
previous blocks. This block on transmit and receive systems contains 
11 modules covering 61 hours of instruction on heterodyning (4 
hours) , modulation (7 ) , demodulation ( 5 ) , transmission lines ( 7 ) , 
antennas (8), AM systems (7), FM systems (5), single sideband systems 
(4), pulse modulation systems (4), troubleshooting techniques (4), 
and receiver troubleshooting (6) . Printed instructor materials 
include a plan of instruction detailing the units of instruction, 
duration of the lessons, criterion objectives, arid support materials 
needed* Student materials include a student text; 11 guidance 
packages containing objectives, assignments, review exercises, and 
answers for each module; three programmed texts; and a student 
handout. A digest of the modules in the block is provided for 
students who need only to review the material. Designed for self- or 
group-paced instruction, the material can be adapted for 
individualized instruction* Additional print and audiovisual 
materials are recommended but not provided. (VLB) 
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MILITARY CURRICULUM MATERIALS 



The mi 1 i tary-dave loped curriculum materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating these courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the nilitary 
were deleted, copyrighted materials were either emitted or appro^ 
val for their use was obtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development- 



The National Center 
Mission Statement 




The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression* The National 
Center fulfills its mission by: 

* Generating knowledge through research 

* Developing educational programs and 
products 

* Evaluating individual program needs 
and outcomes 

* Installing educational programs and 
products 

* Operating information systems and 
services 

* Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 4321G 
L l Telephone: 614/486*3655 or Toll Free 800/ 

848 4815 within the continental U.S. 

{except Ohio) 



Military Curriculum 
Materials for 
Vocational and 
Technical Education 



Information and Field 
Services Division 



The National Center for Research 
In Vocational Education 



Military 

Curriculum Materials What Materials How Can These 

Dissemination Is . . . Are Available? Materials Be Obtained? 



an activity to increase the accessibility of 
military-developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination 

The National Center for Research in 
Vocational Education is the U S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chats, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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Expires July 1, 1978 



Course Oesnnptinn 



This block is the ninth of a ten-blcck course providing training in electronic principles, use of basic test equipment, safety practices, circuit analysis, 
soldering, digital techniques, microwave principles and troubleshooting basic circuits. Prerequisite* to this block are Blocks I through VIII covering 
DC circuits, AC circuits, RCL circuits, solid state principles, solid state power supplies end amplifiers, solid state wave generating and wave shaping 
circuits digital techniques, and the principles and applications of electron tubes. Slock \X-Transmit and Receive Systems contains eleven .modules 
covering 61 hours of instruction over heterodyning, modulation, demodulation, transmission lines, antennas, AM and PM systems, sideband systems, 
and troubleshooting. The module topics and respective hours follow: 



Module 63 — 


Heterodyning (4 hours) 


Module 64 - 


Modulation (7 hours) 


Module 65 — 


Demodulation {5 hours) 


Module 66 - 


Transmission Lines {7 hours) 


Module 67 - 


Antennas (8 hours) 


Module 68 — 


AM Systems i 7 hours) 


Module 69 - 


FM Systems (5 hours) 


Module 70 - 


Single Sideband Systems (4 hours) 


Module 71 - 


Pulse Modulation Sysuims (4 hours) 


Module 72 - 


Troubleshooting Techniques (4 hours) 


Module 73 - 


Receiver Troubleshooting 16 hours) 



This block contains both teacher and student materials. Printed instructor materials include a plan of instruction detailing the units of instruction, 
duration of the lessons, criterion objectives, and support materials needed. Student materials consist of a student text used fo' all the modules; eleven 
guidance packages containing objectives, assignments, review exercises and answers for each module; three programmed texts on modulation, demodulation 
and troubleshooting techniques and a student handout of a receiver schematic diagram, A digest of modules 63 through 73 for the students who have 
background in these topics and only need to review the major points of instruction is also included. 

This material is designed for self- or group-paced instruction to be used with the other nine blocks. Most of the materials can be adapted for individualized 
instruction. Some additional military manuals and commercially produced texts are recommended as references but are not provided. Audiovisual 
suggested for use with the entire course consist of 1 43 Videotapes which are not Provided, 
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DEPARTMENT OF THE AIR FORCE 

USAF Sch of Applied Aerosp Sci (ATC) 

Keesler Air Force Base, Mississippi 39534 



PLAN OF INSTRUCTION 3AQR30020-1 
6 November 197S 



FOREWORD 



I- PURPOSE: This publication is the plan of instruction (POI) when the 
pages shown on page A are bound into a single document* The POI pres- 
cribes the qualitative requirements for Course Number 3AQR30020-1, Elec- 
tronic Principles (Modular Self-Paced) in terms of criterion objectives 
and teaching steps presented by modules of instruction and shows duration, 
correlation with the training standard, and support materials and 
guidance. When separated into modules of instruction, it becomes Part I 
of the lesson plan. This POI was developed under the provisions of 
ATCR 50-5, Instructional System Development, and ATCR 52-7, Plans of 
Instruction and Lesson Plans. 

2* COURSE DESIGN/DESCRIPTION. The instructional design for this course 
is Modular Scheduling and Self-Pacing; however, this POI can also be 
used for Group Pacing- The course trains both non-prior service airmen 
personnel and selected re-enlistees for subsequent entry into the equipment 
oriented phase of basic courses supporting 303XX, 304XX, 307XX, 309JC; and 
328XX AFSCs- Technical Training includes electronic principles, use of 
basic test equipment, safety practices, circuit analysis, soldering, digital 
techniques, microwave principles* and troubleshooting of basic circuits. 
Students assigned to any one course will receive training only in those 
modules needed to complement the training program in the equipment phas^. 
Related training includes traffic safety, commander 1 s call s /briefings nd 
end of course appointments. 

3- TRAINING EQUIPMENT, The number shown in parentheses after equipment 
listed as Training Eouipment under SUPPORT MATERIALS AND GUIDANCE is the 
planned number of students assigned to each equipment unit. 

4* REFERENCES . This plan of instruction is based on Course Training 
Standard KE52-3AQR30020-1 , 27 June 1975 and Course Chart 3AQR30020-1, 
27 June 1975. 

FOR THE COMMANDER 




W, it. HORNE; ColonetV 
Cotnmander 



Tech Tng Cp Prov, 3395th 



OPR: Tech Tng Gp Prov, 3395th 
DISTRIBUTION: Lisred on Page A 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 



NAME OF INSTRUCTOR 



BLOCK NUMBER 
IX 



COURSE TITLE 

Electronic Principlea 



BLOCK TITLE 

Transmit and Receive Systems 



COURSE CONTENT 



1. Heterodyning (Module 63) 

a. Given a list of statements, select the one that describes 
heterodyning. CTS: 10a Meas: W 

b. Given a list of statements concerning heterodyning, match 
each with the terms: Nonlinearity ; Mixing; Filtering* CTS: 10a 
Meas: W 

(1) Nonlinearity, 

(a) Definition of nonlinearity. 

(b) Schematic illustration of nonlinear impedance 
with volts-current chart and explanation* 

(2) Requirements for heterodyning 

(a) Number of AC voltages. 

(b) Signal frequencies* 

(c) Illustration of generator, nonlinear impedance, 
and resulting waveforms* 

(3) Filtering 

(a) Need for filtering* 

(b) Illustration of filter circuit with explanation 

o f operation. 

(4) Mixing. 

(a) Application in receiver. 



2 DURATION 

(Hour*) 



4 

(3/1) 



SUPERVISOR APPROVAL OF LESSON PLAN (PART It) 



SIGNATURE 



DATE 



SIGNATURE 



OATE 



PLAN OF INSTRUCTION NO. 
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DATE 
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PLAN OF INSTRUCT! ON/LESSON PLAN PART I (Continuation SW) 



COURSE CONTENT 



(b) Difference between mixer and converter* 

(c) Requirements for conversion* 

(d) Illustration of transistor receiver converter, 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

KEP-GP-63, Heterodyning 

KEP-ST-IX, Transmit and Receive Systems 

KEP-110 

KEP-ST/Digest IX, Digests (Modules 63-73) 

Audio Visual Aide 
TVK-30-652, Heterodyning 

Training Methods 

Discussion (3 hrs) and/or Programmed Self Instruction 
CTT Assignment (1 hr) 

Instructional Guidance 

Assign specific objectives to be completed during CTT time in KEP-GP-63, Some 
students have a poor understanding of the principles of "heterodyning, " The 
instructor may be able to assist the student by showing how an RF signal contain- 
ing a carrier, an upper sideband frequency and a lower sideband frequency can be 
heterodyned. Heterodyning this complex signal with another RF signal produces 
three new frequencies* These three new frequencies still have the same frequency 
separation as did the original complex signal* This analysis can be used to 
illustrate how complex RF signals are converted to different RF frequencies with- 
i out changing the Intelligence, A simple vector analysis is also very useful if 
the carrier is used as a reference and the sidebands are rotated in "opposite" 
directions with reference to the carrier. 



PLAN OF INSTRUCT 

3AQR30a20- 



ION NO. 
1 



DATE 

4 December 1975 



PAGE NO 

40 



ATC 



FORM 133 ATC Kw, * r 6 *0* C7 REPLACES ATC FORMS 337A. MAR 73. AND 770 A, AUG 72, WHICH WILL BE 



NAME Of INSTRUCTOR 


COURSE TITLE 

Electronic Principles 


SLOCK NUMBER 

IX 


BLOCK TITLE 

Transit and Receive Systems 



PLAN OF INSTRUCTION/LESSON PLAN PART t 



1 



COURSE CONTENT 



DURATION 

(Hour*) 



2. Modulation (Module 64) 



7 

(5/2) 



a. Given a list of statements about modulation, select the 
one which describes amplitude; frequency; phase; pulse; single 
sideband, CTS: 10a Meas: W 



(1) Define and state characteristics of 



(a) amplitude modulation (AM) • 

(b) frequency modulation (FM), 

(c) phase modulation (FM), 

(d) pulse modulation (P-M), 

(e) single sideband modulation (SSBM). 



b. Given a list of. statements about modulation, identify the 
one which describes the intelligence signal; the carrier wave; 
the sidebands. CTS: 4b, 10a Meas: W 

(1) Define and illustrate characteristics of 



(a) intelligence signals. 

(b) carrier waves, 

(c) sidebands. 



c t Given a formula and an oscilloscope representation of a 
modulated carrier waveform showing E maximum and E minimum, compute 
the percent of amplitude modulation. CTS: 10a Meas; W 



(I) Percent of modulation. 



SUPERVISOR APPROVAL OF LESSON PLAN (PART It) 
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PLAN OF INSTRUCT! ON/LESSON PLAN PART 1 (Continuation Sh**t) 



COURSE CONTENT 

(a) Illustrate composite waveform with minimum and maximum values* 
(2) Identify formula and explain use. 



(3) Show 100% over and under modulation* 

d. Given a list of statements about frequency modulation, match one with 
reactance tube modulator; one with varactor modulator. CTS: 5b(6) . 10a Keas: W 

(1) State characteristics, display circuit and rector relationships of 



(a) reactance tube modulator. 

(b) varactor modulator. 



e. Given a list of statements about frequency modulation, select one that 
describes frequency deviation; modulating signal; rate of frequency change. 
CTS: 10a Meas; W 

(1) Frequency deviation. 

(a) Define. 

(b) Illustrate effect on carrier frequency. 

(2) Modulating signal. 

(a) Define. 

(b) Show relationship to carrier frequency. 

(3) Rate of frequency change. 

(a) Define. 

(b) Relate to the modulating signal. 

SUPPORT MATERIALS AND GUIDANCE 

Siudem Instructional Materials 

KEP-GP-64, Modulation 

KEP-ST-IX 

KEP-110 

KEP-PT-64 



Audio Visual Aids 

TVK 30-539, Amplitude Modulation 

TVK 30-607, Transistor FM Oscillator 

TVK 30-606, Reactance Tube Modulator 

TVK 30-821, General Concepts of Modulation 

TVK 30-902, Pulse Modulation 
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PLAN OF !N$TRUCT10N/LESSON PLAN PART t (Continuation Shttt) 



COURSE CONTENT 



Training Methods 

Discussion (5 hrs) and/or Programmed Self Instruction 
CTT Assignments (2 hrs) 

Instructional Guidance 

Assign specific objectives to be completed during CTT time in KEP-GF-64. Weak 
students should have an additional assignment in KEF-PT-64. Sidebands are some- 
times difficult to understand from the standpoint of how they are developed 
and the fact that they represent the actual intelligence. It may be necessary 
to show that sidebands are new frequencies which are created as a result of 
heterodyning the carrier frequency with the intelligence signal. If necessary, 
review the heterodyning process. In FH, students confuse the concept of 
frequency deviation with rate of frequency change. Students must be shown how 
the amplitude of the intelligence controls the amount of frequency deviation. 
The simple varactor modulator circuit can be used to illustrate and strengthen 
the concept of frequency deviation. Pulse modulation must be explained in 
greater detail. As an example, explain how a typical radar system using a pulse 
forming network develops a pulse which is then used to excite an oscillator. 
Point out that the oscillator generates an output frequency only during the 
pulse width time duration. 
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 


NAME OF INSTRUCTOR COURSE TITLE 

Electronic Principles 


BLOCK NUMBER BLOCK TITLE 

TX Transmit and Receive Systems 


T COURSE CONTENT 


3 DURATION 

(Hour*) 


3. Demodulation (Module 65^ 

a. Given a list of statements about demodulation, select the 
one that describes AM; single sideband; pulse; phase; FM, CTS: 4b, 
10a Meas'. W 

(1) Define and state demodulation characteristics of 

(a) AM. 

(b) single sideband 

(c) pulse. 

(d) phase. 

(e) FM, 

b. Given schematic diagrams of AM demodulators, match each 
with the diode detector; the grid leak detector; the plate detector; 
the infinite-impedance detector. CTS: 10a Meas: W 

c. Given a list of statements, match each with the schematic 
of the Foster-Seeley discriminator; the ratio detector; the 
quadrature detector. CTS* 10a Meas; W 


5 

(4/1) 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation $h*»t) 



COURSE CONTENT 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
KEP-CP-65, Demodulation 
KEP-ST-IX 
KEP-110 

KEP-PT-65, Demodulation 

Audio Visual Aids 

TVK 30-560, Detection 

TVK 30-322, Principles of Detection 

Training Methods 

Discussion (4 hrs) and/or Programmed Self Instruction 
CTT Assignment (\ hr) 

Instructional Guidance 

Assign specific objectives to be completed during CTT time In KEP-GP-65. 
Students have problems understanding hew phase shift is obtained across the 
transformer secondary in the output to the FM discriminators. In the discussion 
the development of the vectors should be taken slowly. The difference between 
cht; various types of demodulation circuits used to demodulate the various types 
of modulation should be pointed out and discussed with the student. Insure 
that students know the difference between a Foster-Seeley discriminator and a 
ratio detector. 
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 j 


NAME Of INSTRUCTOR 


j COURSE TITLE 




\_ Electronic Principles 


BLOCK NUMBER 


BLOCK TITLE 


IX 


Transmit and Receive Sydtems 



1 COURSE CONTENT 2 0U R ATK> N 



A* Transmission Lines (Module 66) 7 

(5/2) 

a. Given a list of statements about transmission line, match 
each with a diagram of an open two wire; a twisted pair; a twin 
lead; a flexible coaxial cable; a rigid coaxial cable. CTS: 9d 
Meas: W 

(1) Transmission line losses. 

(2) Types of transmission lines* 

(a) Construction* 

(b) Frequency limitations* 

(c) Losses* 

b« Given a list of statements about transmission lines, select 
the one which describes the physical length; the electrical length; 
the characteristic impedance; the cutoff frequency* CTS: 9d Meas:W 

(1) Transmission Line Characteristics 



(a) Series inductance* 



(b) Shunt capacitance* 



(2) Wavelength. 



From a list of stat 
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PLAN OF INSTRUCTION/LESSON PLAN PART t (Continuation Sh«*t) 



COURSE CONTENT 



(1) Types of Terminations 

(a) Open- 

(b) Short- 

(c) Capacitive, 

(d) Inductive* 

(e) Resistance less than Z 0 , 

(f) Resistance greater than Z G , 

(2) Phase relationship of incident and reflected waves, \ 

(3) Result of incident and reflected waves, 

d. Given a group of terms concerning transmission lines, match each with 
the illustrations of delta matching; stub matching; matching transformer, 
<:TS: 9d Meas: W 

(1) Uses of 

(a) nonresonant transmission lines, 

(b) resonant transmission lines. 

SUPPORT MATERIALS AND GUIDANCE 

| Student Instructional Materials 

f KfiP-GP-66, Transmission Lines 

j KE1'-ST-IX 

! K^-UO 

J 

Audio Visual Aids 
j TVK 30-659 f Transmission Lines 

I TVK 30-660A, Transmission Lines (Resonant Lines) 
TVK 30-660B, Transmission Lines (Resonant Sections) 

Tr aining Methods 

Discussion (5 hrs) and/or Programmed Self Instruction 
CTT Assignments (2 hrs) 

i fn st ructional Guidance 

J Assign specific objectives to be completed during CTT time in KEP-CP-66. Student-; 
i-ave some difficulty distinguishing among traveling waves, incident waves and : 
ruttected waves on a transmission line. Since all of these waves are character- i 
ixvd by movement on the transmission line, Audio Visual Aids should help broacwn ] 
f:he student's understanding. The nonresonant transmission line is frequently J 
I misunderstood by the students. Students must know that this type transmission 



[ 1 ine is characterized as having no reflected waves and no standing waves. 
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5. Antennas (Module 67) 

a. From a list of statements describing antenna polarizat ion, 
select the one that describes circular polarization; horizontal 
polarization/ vertical polarization. CTS: 9e Meas: W 

(1) Antenna Function, 

(2) Electromagnetic Waves* 

(a) E field. 

(b) H field. 

(c) Induction field. 

(d) Radiation field. 

b. From a list of statements on antenna wavelengths, select 
the one that describes the half wave; the quarter wave. CTS: 9± 
Meas: W 

(1) Antenna length, 

(a) Input resistive 

(b) Input inductive 

(c) Input capacitive 

c. From a list of statements about the elements of a direct- 
ional antenna, select the one that describes the function of the 
driven element; the reflector; the directors* CTS: 9e Meas: W 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation SK«t} 

COURSE CONTENT 

(1) Element spacing and phase, 

d. Given a list of statements concerning antenna array 3, match each with 
tiie following terms: Broadside array, End-fire array; Cardioid array; 
Oollinear array. CTS : 9e Meas : W 

(1) Antenna Elements, 

(a) Spacing. 

(b) Phase. 

(c) Number of elements, 

f> + Measurement and Critique (Part 1 of 2 Parts) 1 

a. Measurement test 

b. Test critique 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
KEP-CP-67, Antennas 
KEP-ST-TX 
KT\P-110 

A udio Visual Aids 
TVK 30-661, Antennas 
VTF-5401A, Antenna Propagation 
VTK-5401B, Antenna Directivity 
V7F-5401C, Antenna Bandwidth 

Training Methods 

Discussion (6 hrs) and/or Programmed Self Instruction 
CTT Assignments (2 hrs) 

Instructional Guidance 



Assign specific objectives to be completed during CTT time in KEP-GP-67. 
TVK-30-661 provides a.n excellent overview to the study of antennas. It effect- 
ively explains the theories of emission and propagation, and practical antenna 
design briefly and systematically. The three color films by the RCAF are out- 
standing teaching aids, particularly the films on propagation and directivity, 
which virtually cover all objectives. They show all fields and ratidation 
patterns in full color on a black background, with a clear narration in plan 
language. Inform students that Part 1 of the measurement test covers modules 
h3 through 67, 
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7, AM Systems (Module 68) 



7 

(5/2) 



a. Given a list of statements of transmitter characteristics, 
select the statement that describes frequency stabilization, 
CTS: 10b Meas: W 



(1) An oscillator as a transmitter. 



(a) Instability caused by a small load resistance 
placed in parallel. 

(b) Instability caused by Direct Modulation. 



(2) Basic transmitter with 



(a) modulation in the power amplifier* 

(b) isolation between the load and the oscillator* 

b t Given a list of statements of the following receiver 
characteristics, select the statement which describes sensitivity; 
selectivity. CTS : 4b, 10b Meas; W 



(1) Receiver functions. 



(a) Reception, 



(b) Detection, 



(c) Amplification* 

(d) Reproduction* 



c. From a list of statements, select the statements that 
identify the causes of second harmonic distortion; bandpass dis- 
tortion; cochannel interference* CTS: 10b Meas: W 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation $h*«t) 



COURSE CONTENT 



d. Given a labeled block diagram and a list of statements that describe 
each block of an AM transmitter, match each block with the proper statement ♦ 
CTS: 10b Meas: W 

e. Given a labeled block diagram and a list of statements that describe 
each block of a single conversion AM receiver, match each block with the proper 
statement* CTS: 10b Meas : W 



(1) Heterodyning action. 

(2) Image frequency. 

(a) Importance of IF frequency. 



(b) Importance In BW of RF amplifier. 



(3) Selectivity 



(a) Tracking. 



(b) BW of IF amplifiers. 

f. Given a schematic diagram of an AM transmitter, trace the RF and 
intelligence signal flow from origin to output; the direct current paths through 
each stage in a closed loop. CTS: 10b Meas: W 

g, Given a schematic diagram of a super heterodyne AM receiver, trace the 
signal flow from origin to output; the direct current path through each state in 
a closed loop. CTS: 10b Meas: W 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
KEP-CP-68, AM Systems 
KKP-ST-IX 

kkp-uo 



Audio Visual Aids 

TVK 30-609, Introduction to Receivers 



T raining Methods 

Discussion (5 hrs) and/or Programmed Self Instruction 
r:TT Assignments (2 hrs) 



instructional Guidance 

Mafce specific objective assignments to be completed during CTT time in KEP-n f - r F 

Students have considerable difficulty understanding the causes of second har * 

distortion, bandpass distortion and cochannel interference* Students should 
encouraged to spend extra time in studying the block diagrams of the AM e re- 
mitter and receiver. They must know the function of each stage in order to 
understand fully the characteristics of AM systems. 
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8, FM Systems (Module 69) 

a* Given a labeled block diagram and a list of statements that 
describe each block of an FM transmitter, match each block with 
the proper statement. CTS: 10b Meas: W 

(1) Modulation 

(a) Amplitude of modulating signal* 

(b) Frequency of modulating signal- 

(2) Frequency multipliers. 

b. Given a labeled block diagram and a list of statements 
that describe each block of an FM receiver, match each block 
with the proper statement, CTS; 10b Meas; W 

(1) Noise free reception- 

(a) Limiter. 

(b) FM demodulators. 

c. Given a schematic diagram of an FM transmitter, trace the 
Ri' and Intelligence signal flow from origin to output; the direct 
current paths through each stage in a clewed loop. CTS; 10b 
Meas: W 

d. Given a schematic diagram of an FM receiver, trace the 
signal flow from origin to output; the direct current path through 
each stage in a closed loop. CTS: 10b Meas; W 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Sh««t) 



COURSE CONTENT 



I SUPPORT MATERIALS AND GUIDANCE 

I 

j s tudent Instructional Materials 

J KEF-CP-69, FM Systems 

! KEP-ST-IX 

j KRP-110 

Audio Visual Aids 
j tvk 30-659 , Frequency Modulation 

j T raining Methods 

J Discussion (4 hrs) and/or Programmed Self Instruction 
^ CTT Assignment (1 hr) 

In structional Guidance 
: Assign specific objectives to be covered during CTT time in KEP-GP-69. Students j 
j have difficulty with the signal path and the direct current path in the FM 
■ receiver schematic diagram. Increased emphasis should be placed on tracing the 
! ;:c current paths through the emitter - base junction of each stage. It should 

also be pointed out that the DC current path terminates at Vcc. 
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9, Single Sideband Systems (Module 70) 

a. Given a labeled block diagram and s list of statements 
that describe each block of a single sideband transmitter, match 
each block with the proper statement, CTS: 10b Mease W 

(1) Power efficiency 

(a) Elimination of the carrier in a balsnced modula- 



tor. 



(b) Elimination of one set of sidebands in s filter. 



b. Given a labeled block diagram and a list of statements 
that describes each block of a single sideband receiver, match 
each block with the proper statement. CTS: 10b Meas: W 

(1) Reinsertion of the carrier. 

(2) Narrow Bandwidth, 

c. Given a schematic diagram of a single sideband transmitter, 
trace the RF and intelligence signal flow from origin to output; 
the direct current path through each stage in a closed loop, 

CTS: 10b Meas: W 

d. Given a schematic diagram of s single sideband receiver, 
trace the signal flow from origin to output; the direct current 
path through each stage in a closed loop, CTS: 10b Meas; W 
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Shttt) 



COURSE CONTENT 



SUPPORT MATERIALS AND GUIDANCE 



vStudent Instructional Materials 
KEP-G?-70, Single Sideband Systems 
KEP-ST-IX 
KEP-110 

Audio Visual Aids 

TVK 30-611, Introduction to Single Sideband 
Training Methods 

Discussion (3 hrs) and/or Programmed Self Instruction 
CTT Assignment (1 hr) 

Tnatructional Guidance 

Assign specific objectives to be covered during CTT time in KEP-GP-6G, The 
largest area of difficulty is in DC paths and AC signal path tracing. Most 
errors in this area are due to simple mistakes while the student is tracing the 
path. 
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10* Pulse Modulation Systems (Module 71) 

a. Given a labeled block diagram and a list of statements 
that describe each block of a pulse transmitter, match each block 
with the proper statement, CTS; 10b Meas: W 

(1) Uses of pulse modulator 

(a) Time division multiplexing* 

\ 

(b) Radar* 

b, Given a labeled block diagram and a list of statements 
that describe each block of a pulse receiver, match each block with 
the proper statement* CTS: 10b Meas; W 

c* Given a schematic diagram of a pulse modulation transmitter, 
trace the RP and Intelligence signal flow from origin to output; the 
direct current path through each stage tn a closed loop* CTS: 5r(1) . 
10b Meas: W 
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d* Given a schematic diagram of a pulse modulation receiver, 
trace the signal flow from origin to output; the direct current 
path through each stage In a closed loop* CTS; 10b Meas: W 
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PLAN OF INSTRUCTION/LESSON PLAN PART I {Continuation $(,«•*) 



COURSE CONTENT 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
KEP-GP-71, Pulse Modulation Systems 
KEP-ST-IX 
KEP-110 

Audio Visual Aids 

TVK 30-952, Pulse Amplitude Modulation 
Training Methods 

Discussion '3 hrs) and/or Programmed Self Instruction 
CTT Assignment (1 hr) - 

I nstructional Guidance 

Assign specific objectives to be covered during CTT time in KEP-GP-71* Since 
the P-M transmitter has many unique characteristics when compared to typical 
AM or FM transmitters, students have considerable difficulty tracing signal 
flow and the DC current paths. Provide additional instruction and assistance 
with the block diagram analysis until the student sufficiently understands the 
principles of a P-M transmitter* Quite often students if not cautioned, came 
to the conclusion that the AM receivers and P-M receivers are the same. While 
the principles are identical, the P-M receiver requires circuits that provide 
a much wider bandwidth* The circuit diagram shown in the text as a typical 
P-M receiver will not function in this regard because the audio circuits do 
not provide sufficient bandwidth* 
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11* Troubleshooting Techniques (Module 72) 

a, Given a list of statements, select one that describes the 
layout of a receiver schematic diagram. CTS: 10b Meas: W 

(1) Schematic diagram analysis. 

(a) Definition. 

(b) Component arrangement, 

(c) Circuit division. 

1 RF 

2 IF 

3 AF 

4 Power supply 

b. Given a list of troubleshooting steps, arrange them in a 
logical sequence* CTS: 10c Meas : W 

(1) Troubleshooting procedures. 

(a) Definitions. 

(b) Procedures. 

1^ Operational check. 

2 Half split method 

3 Stage by stage. 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation S*i«t) 



COURSE CONTENT 



4 Component isolation. 

5 Visual check, 
(2) Adjustment and Alignment 

(a) When to adjust. 

(b) How to adjust* 

c. Given a transistor receiver schematic diagram, indicate the frequencies 
used at each point where a signal generator would be connected to align a 
receiver* CTS: 10a , 10b Meas: W 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

KEP-GP-72, Troubleshooting Techniques 

KEP-H0-1X-1, AM Receiver Schematic and Block Diagram 

KEP-ST-IX 

KEP-110 

KEP-PT-72, Troubleshooting Techniques 
Audio Visual Aids 

TVK 30-610, Troubleshooting Procedures 
Training Methods 

Discussion (3 hrs) and/or Programmed Self Instruction 
CTT Assignment (1 hr) 

Instructional Guidance 

Assign specific objectives to be covered during CTT time in KEP-GP-72 and/or 
KEP-PT-72, Students are often unable to indicate the frequencies that should be 
injected at each point a signal generator would be used to align a receiver. 
The students should be encouraged to note all injection frequencies on their 
schematic diagram* This will also help in troubleshooting the receiver* 
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12. Receiver Troubleshooting (Module 73) 

a. Given a transistor radio receiver, schematic diagram, 
mul timet er , oscilloscope , and signal generator , determine the 
faulty component four out of five times. CTS ; 10c Meas ; PC 

(1) Preliminary instructions on equipment, 

(a) Oscilloscope, 

(b) Multimeter 4 

(c) RF Signal Generator, 

(d) Radio Receiver Trainer 

(2) Procedure A, measure normal voltages at all test jacks 

(3) Procedure B s locate trouble #1, 
(A) Procedure C t locate trouble v2, 
(5) Procedure D, locate trouble #3. 
f 6) Procedure E, locate trouble -A, 
(7) Procedure F, locate trouble #5. 
(3) Procedure n, locate trouble fi 6, 
(9) Procedure H, locate trouble #7. 

(10) Procedure I, locate trouble *8. 

fll) Procedure J, locate trouble "9. 
(12} Progress Check , 
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n. Related Training (identified in course chare) t 

I Measurement: and Critique (Part 2 of 2 Parts) } 

i a* Measurement test* 

j 

i 

! \k Test critique. 



; SUPPORT MATERIALS AND GUIDANCE 

- >f lH ''-'nt Instructional Macerials 

; KKT f Receiver Troubleshooting 

1 KEF-SH-IX-l 

\ KKt'-ST-IX 

- V;:»»-ilO 

' j fin ing Equipment 

■ Transistor Radio Receiver Trainer 5975 (1) 

■ {}sri Uoscope (1) 

■ rtr Signal Generator 4867 (I) 
' Multimeter (1) 

t Training Methods 
; Performance (5 hrs) 

■ ("IT Assignment (1 hr) 

Mul tiple Instructor Requirements 
Supervision (2) 

I .n \x t ructional Guidance 

^Usdents who have not had considerable prior experience in electronics ^houjy ne* ; . 
attempt to take the progress check until they have completed the laboratory 
t>Mtr<:ise # If too high a level signal is injected it may produce an our^ut * 
; i. r the portion of the receiver being tested is defective. When injecting a :-\vnal 
->A the input to the frequency converter, an output can be obtain^ by using ^irh'-r 
i-n Ul : or an IF signal. If an RF signal is used, the operation of both the am; . 
[Jer and oscillator functions of the frequency converter are checked. If. huv;- 
■*'/er, an IF frequency is injected, only the operation of the amplifier funcc::^: 

frequency converter is checked* The students should be cautioned in this 
ti.r.ard. Due to errors in the frequency areas on the equipment used in this ;:<.^mL* 
_ it may be necessary to tune the signal generator slightly off the desired 
; frequency to obtain an output* Furnish any required assistance for the lahu; -ito: \ 
project. 
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Chapter L p 



HETERODYNING 



1-1, In this chapter we will discuss hetero- 
dyne principles, HETERODYNE is "the pro- 
cess of combining or beating two signal fre- 
quencies in a nonlinear device, with the 
result that frequencies equal to the sum 
and difference of the combining frequencies 
are produced/' The heterodyne principle 
can be applied when explaining the operation 
of the following circuits: 

1. Mixing 

2. Frequency conversion 

3. Amplitude modulation 

4. Amplitude Detection 

Mixing and conversion circuits are explained 
in this chapter, amplitude modulation and 
detector circuits will be explained in later 
chapters. 

1-2, The definition of heterodyne employs 
the use of a nonlinear device to obtain new 
frequencies. The new frequencies (sum and 
difference frequencies) are the new beat 
signals obtained through heterodyning. 

1-3. Nonlinear Device. 

1-4. For our purpose here the nonlinear 
device is any electronic device where the 
resulting current through the device is not 
proportional to the applied voltage. We call 
these devices nonlinear impedances or 
impedances with nonlinearity. Examples of 
nonlinear impedances are electron tubes and 
transistors, 

1-5. Figure 1-1A illustrates a circuit that 
contains a nonlinear impedance (Z) and fig- 
ure 1-1B shows its voltage -cur rent curve. 

1-6. When the applied voltage is varied, 
ammeter readings which correspond with 
the various voltages can be recorded. For 
example, assume that 50 V yields .4 mA 
(point a), 100 V produces 1 mA (point b), and 



150 V causes 2,2 mA (point c). Current 
through the nonlinear impedance does not 
vary proportionally to the voltage. The chart 
is NOT a straight line. Therefore, Z is a 
nonlinear impedance. That is, the impedance 
does not remain constant when the voltage 
changes. Various combinations of voltage 
and current for this particular nonlinear 
impedance may be obtained by use of this 
voltage- current curve, 

1-7. If the device were a diode tube in fig- 
ure 1-1A, we could say we were changing 
the DC resistance (R p ) of the diode as we 
change the applied voitage. The resulting 
nonlinearity in figure NIB, shows a re- 
sponse which is not directly proportional 
or inversely proportional to a given variable 
(voltage). 

1-6. Heterodyning. 

1-9. Certain conditions must be met in a 
circuit iX heterodyning is to occur. The 
conditions are: 

1. There must be at least two AC volt- 
ages, each voltage must be changing at a 
different frequency. 

2. The two different signal frequencies 
must be applied to a nonlinear device. 

1-10. Figure 1-2A illustrates a basic cir- 
cuit where heterodyning can occur* The two 
generators Gl and G2 furnish the two dif- 
ferent signal voltages, each at a different 
frequency. The diode tube VI is the non- 
linear impedance. The nonlinear device will 
cause one of the signals applied to its plate 
to dominate the amplitude of the other. The 
resistor RL will develop the output voltages. 

1-11* The waveforms in figure 1-2B, de- 
tail a, and b t illustrate the amplitude and 
frequency of the generators drawn with 
respect to time. These two waveforms will 
be in phase at times and at various degrees 
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out-of-phase at other times. You can see 
this by closely observing the two waveforms 
(11 Hz and 10 Hz) at different instants of 
time. The result of this phase relationship 
is the waveform in detail £. The detail c 
waveform represents the plate voltage varia- 
tions of VI- Recall the diode tube conducts 
only when the plate is positive with respect 
to the cathode. Thus, VI (figure 1-2 A) con- 
ducts only on the positive amplitudes of the 
waveform in detail ^(figure N2B), VI con- 
ducts through Rl and the waveform in de- 
tail will be developed across Rt. The 
voltage waveform across RL shows tn at the 
Rp of VI was decreased when the plate volt- 
age, detail^was at maximum amplitude and 
increased when the plate voltage was mini- 
mum. Look again at the response curve in 
figure 1-1B and see that the change in Rp 
(Z) of VI was nonlinear. 

U12. The complex waveform developed 
across the linear impedance R^ (figure 
1-2B) detail d has a DC level, and new 
beat signals of the nonlinear impedance VI 
(figure 1-2A). These new beat signals are 
the new frequencies other than the two 
original frequencies of Gl and G2 (11 Hz 
and 10 Hz). The new frequencies are: 

1- Harmonics of Gl and G2 signals. 

2. The sum frequency of Gl and G2 
signals (21 Hz). 

3. The difference frequency of Gl and 
G2 signals (1 Hz). 

The sum and difference frequencies occur 
because the phase angles of the two original 
signals (11 Hz and 10 Hz) are constantly 
changing at the plate of VI. The harmonics 
of the two sinewave generator signals (11 
Hz and 10 Hz) occur because of the ampli- 
tude distortion to their signals. 

1-13. In most practical heterodyne circuits 
the harmonic frequencies are of no use. For 
this reason we will make no further mention 
of them* Practical use is made of either the 
sum frequency or difference frequency, 
which are the new frequencies produced by 
the heterodyne principle. 



1-14. Filtering. 

1-15. The circuit in figure 1-2A has a 
resistor to develop the output. The output 
has several frequencies in its makeup. If 
we wished to select one of the new fre- 
quencies (sum or difference) and reject all 
others we would need an output frequency 
selection device, thus* filtering is required. 

1-16. The circuit in figure 1-3 has a filter 
to replace the load resistor of figure 1-2A. 
The filter components are CI and LI. The 
filter components make up a tank circuit. 
The tank circuit is tuned to select one of 
the new frequencies that was the result of 
the heterodyne process. The tank circuit 
will offer a high reactance to the frequency 
at which it is tuned and a low reactance to 
all others. If the reactance is high a maxi- 
mum voltage is developed across the tank 
circuit. Signals not falling within the band- 
pass of the tank circuit are not developed; 
therefore, they are FILTERED to ground. 

1-17. Mixing. 

1-16. Heterodyne principles are used in 
superheterodyne receivers to convert the 
received RF signal to a lower frequency 
RF signal. The lower RF signal is called 
the receiver's intermediate frequency (IF). 
The IF signal is selected by the output fre- 
quency of the filter, and coupled to a fixed 
tuned circuit, where the IF signal will be 
amplified. This process improves overall 
receiver selectivity. 

1-19. To convert the received energy to 
the IF signal requires the received signal 
be mixed with a locally generated signal. 
The locally generated signal is furnished by 
the receivers local oscillator circuit. 

1-20. Circuits used to convert the received 
signal to the receivers IF signal are called 
mixer or converter circuits. The only dif- 
ference between a mixer circuit and a con- 
verter circuit is the number of electron 
tubes or transistors involved to perform the 
operation. Two tubes or transistors areused 
in a mixer section, while one tube or tran- 
sistor is used in a converter circuit. In a 
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Figure 1-2. Two Sinewave Generators and a Nonlinear Impedance with Resulting Waveforms 
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mixer circuit an electron tube or transistor 
is used for the local oscillator circuit. When 
one electron tube or transistor is used, the 
device must perform both functions (mixer 
and local oscillator). However, mixer and 
converter circuits perform the same func- 
tions in the receiver. That is conversion of 
the received signal to the receivers IF 
signal. 

1-2L Before conversion of the received 
signal to the IF signal can occur we must 
have the following: 

1 4 Two different signal frequencies. One 
signal frequency must be of sufficient ampli- 
tude to dominate the amplitude of the other. 

2. A nonlinear device where mixing of 
the two signals can take place. 

3, An output frequency selection device 
so the new conversion frequency can be 
selected, and all other signals can be filtered 
from the output* 

1-22. Figure 1-4 is the frequency conver- 
sion section of a superheterodyne receiver. 
This circuit is a transistor converter. The 
circuit will be used to show how the re- 
ceived RF signal of a receiver is converted 
to the receiver's IF frequency, 

1-23. Ql is biased to operate nonlinear ly« 
Assume that we adjust the receiver tuning 
dial to receive a radio transmitting station 
signal operating on an assigned frequency 
of 1060 kHz, This signal will be selected 
and amplified by a previous RF amplifier 
stage, and is developed across the fre- 
quency selection tank CI and LI, The signal ' 
(1060 kHz) is then coupled to the base of QU 
The local oscillators frequency determining 
tank L3 and C4 is tuned to operate on a fre- 
quency of 1515 kHz, Because the tuning dial 
of the receiver is gang-tuned to CI and C4, 
the local oscillator frequency tank circuit 
j id the received frequency tank circuit will 
change simultaneously as the dial is ad- 
justed. The local oscillatorsoutputfrequency 
1515 kHz) is coupled through C3 and de- 
veloped across emitter resistor R2. The 
1060 kHz received signal at the base of Ql 



is of a much lower amplitude than the 1515 
kHz signal which was locally generated by 
the local oscillator. When the 1060 kHz 
signal at the base of Ql is mixed with the 
local oscillator (1515 kHz) in the nonlinear 
transistor Ql, heterodyning action takes 
place which causes two new RF signals to 
appear at TP2 along with the two original 
signals used. The four signals appearing at 
TP2 will be: 

1. 1060 kHz, the original received sig- 
nal frequency. 

2, 15 J 5 kHz, the local oscillator 
frequency. 

3, 2575 kHz, a new frequency, the sum 
of the two signals. 

4. 455 kHz, the difference frequency of 
the two signals. 

The output frequency tank, L5 and C6 (fig- 
ure 1-4) is tuned to select the receivers 
IF signal (455 kHz). 

1*24, Conversion, 

1-25. "The process of combining two RF 
signals to produce a new and different RF 
signal is called frequency conversion- Thus 
the result of heterodyning is frequency con- 
version. If one of the RF signals is modu- 
lated or contains more than one frequency, 
the conversion will change all of those fre- 
quencies proportionally and the modulation 
will not be altered". 

1-26* The difference frequency will always 
be 455 kHz for this particular receiver. 
Notice the receiver tuning dial will change 
CI and C4 as the dial is rotated. Because 
the tuning dial changes the capacitance in 
both circuits, the receiver input tank fre- 
quency will change, as will the local oscil- 
lator frequency. The local oscillator fre- 
quency will always be above the received 
signal by 455 kHz. Thus, the received signal 
will always be converted to 455 kHz, the IF 
frequency. 
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Figure 1-3. Heterodyne Circuit with a Filter 
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Figure 1-4, Heterodyne Receiver Frequency Converter Section 
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Chapter 2 



MODULATION 



2*1. Modulation. 

2-2* A radio announcer speaks into a 
microphone, and his voice is heard on a 
radio receiver some distance away. In this 
chapter we will discuss how the announcer's 
voice was changed from sound energy into 
electrical energy, the electrical energy then 
was used to modify one or more charac- 
teristics of an RF waveform before being 
propagated into space. The process of modi-' 
fying the RF waveform with this electrical 
energy is known as modulation. 

2-3. Principles of Modulation, 

2-4. The term MODULATION is defined 
as: "The process in which the amplitude, 
frequency, or phase of an RF carrier wave 
is varied with time in accordance with the 
waveform of the superimposedintelligence." 

2-5. Figure 2-1 shows one cycle of an RF 
waveform with two of the characteristics 
which can be altered when the sine wave is 
subjected to the modulation process. The two 
characteristics are amplitude, andfrequency. 
Another characteristic which may be altered 
is the phase. Figure 2-2 shows how the wave 
will appear after being modulated. 
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Figure 2-1. Characteristics 
of an RF Sine Wave 



2*6. Figure 2-2A shows an amplitude 
change on each succeeding cycle of an RF 
wafevorm* Figure 2-2B shows a frequency 
change on each succeeding cycle. Figure 
2-2C shows two RF waveforms of the same 
frequency, but out of phase. All of the wave- 
forms in figure 2-2 are complex waves. 

2-7. Based on the preceding discussion, 
the three basic types of modulation are; 

1. Amplitude Modulation (AM). 
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Figure 2*2. Variations in a Sine Wave's Characteristics 



2-1 



2, Frequency Modulation (FM). 

3. Phase Modulation (PM). 

2-8, Each type of modulation has certain 
advantages and disadvantages. The type of 
modulation used in a transmitter system is 
dependent upon the intended use of the sys- 
tem, the carrier frequency assigned, and 
the bandwidth available* 

2-9. Lets define the terms that we will use 
in our discussion of modulation: 

INTELLIGENCE SIGNAL; "Signal that con- 
veys information.' * The Intelligence signal 
can be a single tone (one frequency} or a 
complex waveform like the one shown in 
figure 2-3, that contain many frequencies, 

SIDEBANDS: "Frequency bands on both 
sides of the carrier frequency which contain 
the frequencies produced by modulation/' 

CARRIER: "A wave having at least one 
characteristic which may be varied from a 
known reference value by modulation/' 

2-10. Amplitude Modulation. 

2-11* Lets consider amplitude modulation 
and see how the amplitude characteristics 
of an RF carrier waveform are modified by 
the intelligence signal. Amplitude modula- 
tion implies that the amplitude of the carrier 
waveform is varied in accordance with the 
modulating frequency and voltage while the 
frequency of the carrier is maintained con- 
stant* When an amplitude -modulated wave- 
form is viewed on an oscilloscope, its ampli- 
tude varies in accordance with the amplitude 
and frequency of the modulating signal* The 
frequency of the carrier waveform will not 
change throughout the modulating process. 




2-12. Modulating tone, unmodulated car- 
rier waveform, and resulting amplitude- 
modulated wave, as viewed on an oscillo- 
scope, is illustrated in figure 2-4. 

2-13. Figure 2-4A illustrates a sinewave 
which will be used to modulate the carrier. 
Figure 2-4B illustrates the unmodulated RF 
carrier wave which has a constant amplitude 
and frequency. Figure 2-4C illustrates an 
amplitude modulated carrier, 

2-14, During time interval Tl and T3, one 
cycle of the 1000 Hz modulating tone mod- 
ulates the 1000 kHz carrier signal. Because 
the carrier frequency is one thousand times 
higher than the modulating tone, it under- 
goes one thousand more cycles per second 
than the modulating tone does* The result- 
ing amplitude modulated carrier in figure 
2-4C is changing in amplitude ir accordance 
with the changing amplitude of the modulat- 
ing tone* 

2-15. You should note as the modulating 
sinewave voltage in figure 2-4A. is in- 
creased positively (0* to 90"), the result- 
ing modulated carrier in tUpire 2-4C is 
increasing* As the modulating ainewave volt- 
age in figure 2-4A changes to its maximum 
negative value (90° to 270 s }, the modulated 
carrier in figure 2-4C decreases to its 
minimum value- As the amplitude of the 
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Figure 2-3. Waveshape of Complex Sounds 



Figure 2-4- The AM Wave 
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modulating sinewave voltage In figure 2-4A 
starts to decrease toward a zero value 
(270* to 360*), the modulated carrier in 
figure 2-4C is increasing in amplitude. 

2-16* Analysis of an AM Waveform* 

2-17* An analysis of the modulated carrier 
waveform is shown in figure 2-5. This anal- 
ysis shows that the modulated carrier (fig- 
ure 2-5A) contains the carrier frequency 
(figure 2-5B) plus two new frequencies 
(figure 2-5D and figure 2-5E)* The unmodu- 
lated carrier component illustrated in figure 
2-5B has a frequency of 1000 kHz with a 
constant amplitude* 



2-18, The upper frequency of 1001 kHz 
(figure 2-5D) is equal to the carrier fre- 
quency (figure 2-5B) plus the modulating 
frequency (figure 2-5C)* 

2-19, The lower frequency of 999 kHz 
(figure 2-5E) is equal to the carrier fre- 
quency (figure 2-5B) minus the modulating 
frequency* The amplitude of both new fre- 
quencies are equal. These characteristics 
of the carrier and the pair of new fre- 
quencies are illustrated in figure 2-5. 




Figure 2-5* Components of an AM Wave 
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2-20, The amplitude modulated carrier is 
the algebraic sum of the instantaneous ampli- 
tudes of the unmodulated carrier and the 
upper frequency and the lower frequency 
signals. These waveforms are drawn using a 
common scale with respect to time in figure 
2-6. The modulated carrier then contains 
three distinct frequencies when modulated 
with a single tone, the unmodulated carrier 
wave, the upper frequency, and the lower 
frequency. 

2-21, Figure 2-7 shows the apace occupied 
in the radio frequency spectrum by the modu- 
lated wave (carrier plus upper and lower 
frequencies), and the original modulating 
frequency. You should see by studying figure 
2-7 that the position of the modulating fre- 
quency is far below the carrier and the two 
new frequencies produced during the modu- 
lation process. This is important to remem- 
ber because later, when we see a practical 
circuit using AM, we will find that the 
original modulating frequency will not be 
in the transmitted frequencies. The trans- 
mitted frequencies in this example would be 
1000 kHz, 999 kHz, and 1001 kHz. 




Figure 2-6, Algebraic Addition of Compo- 
nents in an AM Waveform 
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Figure 2-7. Spectrum Analysis of 
an AM Waveform 



2-22. Sidebands. 

2-23. We have been referring to the new 
frequencies produced during the modulation 
process as upper frequency and lower 
frequency. 

2-24. In actual operation most waveforms 
used to modulate an KF carrier are complex 
waveforms. Recall that complex waveforms 
contain many frequencies. 

2-25. Figure 2-8A shows a complex wave- 
form. This waveform contains four fre- 
quencies, 1 kHz, 2 kHz, 3 kHz, and 4 kHz. 
When this signal is used to modulate a 600 
kHz carrier signal, four upper and four 
lower frequencies appear around the carrier 
frequency. These signals along with the car- 
rier signal are shown in figure 2-8B. 

2-26. The upper i^equencies are 601 kHz, 
602 kHz, 603 kHz, and 604 kHz, and are the 
upper sideband (USB) signals. The lower 
frequencies are 596 kHz, 597 kHz, 598 kHz, 
and 599 kHz, and are the lower sideband 
(LSB) signals. 

2-27. Bandwidth of an AM Signal. 

2-26. The bandwidth (BW) of an AM signal 
refers to the space the transmitted signal 
will occupy in the frequency spectrum. Re- 
call the transmitted frequencies in AM are 
the carrier signal, and the upper and lower 
sidebands. Look at figure 2-8, we see the 
USB and LSB are each 4 kHz wide. There- 
fore, the BW of the transmitted signal is 
8 kHz, 
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Figure 2-8. Development of Sidebands 
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2*29. From the preceding analysis we can 
say the BW of an AM signal is two times the 
highest signal frequency contained in the 
modulating waveform. The above rule holds 
true only when the carrier signal is modulated 
up to and including 100 percent. 



2-30. Percent of Modulation. 

2-31. Modulation factor in AM is the ratio 
of the difference between maximum and 
minimum peak-to-peak variations of the 
modulated carrier and the sum of the 
maximum and minimum peak-to-peak 
variations of the modulated carrier. 
Multiplying the modulation factor by 100 
gives the percent of modulation. 



^min ~ m * nimum P ea k-t°- 
peak amplitude of 
the modulated car- 
rier wave 



2-33. An AM waveform is showninfigure 2-9. 
Using the formula* and the voltage given 
in figure 2-9, calculate the percent of 
modulation. 



% of modulation = ' ^ x 100 



75 

T25 



x 100 = .6 x 100 



-60% 



2-32. Percentage of modulation can be 
calculated by using the oscilloscope 
presentation of the modulated waveform and 
the following formula: 



Percent of modulation 



where; 
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Figure 2-9. AM Composite Waveform 
Showing 60 Percent Modulation 
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Figure 2-10, AM Composite Waveform Showing 100% Modulation 



2-34. Now use the formula and the oscillo- 
scope presentation in figure 2-10 to calcu- 
late the percent of modulation. 



% of modulation = 



200 



200 



100 



= I x 100 
= 100% 

2-35. A percent of modulation of less than 
100% is under modulation. A percent of 
modulation greater than 100% is over modu- 
lation. Over modulation will produce severe 
distortion. 

2-36. Close observation of the waveform in 
figure 2-10 shows the unmodulated carrier 
signal to be 100 V peak-to-peak, while the 
maximum peak -to -peak carrier voltage after 
modulation is 200 V. The minimum carrier 
voltage after modulation is 0 V. Recall in 
the composite waveform there were two new 
frequencies produced during the modulation 
process. These two frequencies contain the 
same intelligence, and are equal in ampli- 
tude. If the unmodulated carrier in figure 
2*10 is 100 V peak -to -peak and the modu- 
lated carrier is 200 V peak-to-peak, then 
the sum of the sidebands must be 100 V peak* 
to-peak. Since these two signals are equal 
then each side frequency must be 50 V peak- 
to -peak* 

2-37, With over modulation the BW of an 
AM signal will be increased considerably due 



to the severe distortion produced. This dis- 
tortion produces new modulating frequencies 
which modulate the carrier and increase the 
bandwidth of the transmitted signal. 

2-38. Figure 2-11A shows a modulating 
signal that is 150 V peak-to-peak, which 
is used to modulate a carrier signal that 
is 100 V peak-to-peak in figure 2-11B. 
Notice that during much of the negative 
half -cycle of the modulating signal, the 
amplitude of the modulated wave (figure 
2-1 IB) is zero. Thus, the negative half- 
cycle of . the modulating signal has been 
clipped. This then would cause unwanted 
harmonics of the modulating signal to be 
generated during the modulating process. 
These harmonics would appear as unwanted 
frequencies in the transmitted spectrum, 
thus, the BW of the transmitted signal is 
increased. 




J 



Figure 2-11. Over Modulating 
an AM Carrier 
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2.39. Power Distribution in the AM Wave. 

2-40, The total power radiated in the mod- 
ulated carrier wave is equal to the sum of 
the power contained in the separate com- 
ponents of the modulated wave. 

2-41, From figure 2-12 we can calculate 
the total power transmitted for a 100 percent 
modulated carrier wave. Figure 2-12A 
shows the peak voltage contained in the 
carrier and each sideband. The resistance 
of the load is assumed to be 100 ohms. We 
know from earlier studies that to compute 



power we use the formula: P 



E 
R 



2-42, Using the voltage given for the car- 
rier in figure 2-12A, calculate carrier 
power: 



The power of the other sideband is the same 
or 25W, Total sideband power is the sum 
of the USB and LSB powers. We find the 
peak sideband power is equal to 50 watts. 
Total peak transmitted power then is found 
by adding carrier power to sideband power. 
Using the power given for the carrier and 
sidebands in figure 2-12B, total transmitted 
power equals 100 + 50 or 150 W. 

2-43. Under modulation reducestotalpower 
by reducing the power in the sidebands. 

2-44. Figure 2-13 shows the power distri- 
bution of an AM waveform modulated 50%, 
Using the power formula with the voltage 
given for the carrier in figure 2-13A, we 
find: 



P = 



(100) 



10000 

~nsr 



= 100 w 



p = 



door 
~~ nnr 



10000 



100 w 



Peak carrier power is equal to 100 W and is 
shown in figure 2-12B, The peak sideband 
power then would be found using the same 
formula and the peak amplitude of one 
sideband. 



The power in the carrier is still 100 W. 
Computing the power for each sideband 
using the values given in figure 2-13B gives 
6.25 W for each sideband or the total side- 
band power is 12.5 W. Total power in the 
modulated waveform then is found by adding 
carrier power to sideband power. Total 
power is 112.5 watts. 



^21- 25 W 
TOO " 25 W 



From the preceding analysis of power dis- 
tribution we find at 100 percent modulation: 
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a* Total sideband power is one half the 
carrier power. 

b. The carrier contains two thirds of 
the total power. 

c. Total sideband power is one third of 
the total transmitted power, 

d. The sideband power is distributed 
equally in two sidebands. 



Figure 2-12. Power and Voltage 
at 100% Modulation 



e. Each sideband contains one sixth of 
the total power. 
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Figure 2-13. Voltage and Power Distribution 
at Fifty Percent Modulation. The 
Resistance of the Load is 
100 Ohms 



Reducing modulation to less than 100% (under 
modulation) gives: 

a. No reduction in carrier power. 

b. Less power in the sidebands. 

c. Less total power. 

2-45. Amplitude Modulation of Radio Fre- 
quency Signals. 

2-46. Figure 2-14 shows an RF amplifier 
stage with an audio modulating signal applied 
to the collector circuit. In this circuit, the 
emitter -base is held constant and the voltage 
between the emitter and collector is varied 
at the modulating rate. 



2-47. Assume there is a carrier signal 
applied through Tl to the base circuit of Ql, 
and there is no audio signal applied to T3. 
Because the stage is biased class 8 t tran- 
sistor Ql will conduct only on the positive 
alternation of the carrier input signal. The 
amplified output carrier pulses at the col- 
lector of Ql then will cause the 'ank circuit, 
C2 and primary of T2 t to oscillate at the 
carrier frequency. This unmodulated car- 
rier signal is shown on the output waveform 
from t^ to t^. 

2-48. When an audio modulating signal is 
applied through T3 to the collector circuit, 
the modulating voltage across the secondary 
transformer T3 is in series with the collec- 
tor battery voltage Vqc- The positive half 
cycle of the audio signal voltage series aids 
battery voltage Vqq, increasing the emitter- 
collector voltage. The negative half cycle of 
the audio voltage series-opposes battery 
voltage Vqq, decreasing the emitter- 
collector voltage. When the emitter to col- 
lector voltage increases, the output of the 
RF amplifier increases; and when the 
emitter to collector voltage decreases* the 
output decreases. Looking at the waveforms 
from t2 to t3 (figure 2-14) we see the output 
of the amplifier increased on the positive 
half cycle of the modulating signal and 
decreased on the negative half cycle. Looking 
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Figure 2-14. Simplified Circuit Using Amplitude Modulation 
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at the output RF waveform at t2 to t3 we 
see the amplitude variations resulting from 
the output of the amplifier increasing and 
decreasing. 

2-49, Notice that the amplifier in figure 
2*14 is being modulated 100%, Decreasing 
the amplitude of the modulating signal 
causes under modulation, Increasing the 
amplitude of the modulating signal would 
cause over modulation. The output mod- 
ulated waveform at T2 contains the car- 
rier frequency, the USB, and LSB, 

2-50. Single -Sideband Modulation. 

2-51, Single -Sideband (SSB) is a term used 
to describe the process of single -sideband 
communications operation and the equipment 
required for this type of operation. Within 
the transmitter of such a system the carrier 
is suppressed, either partially or completely 
and restored at the receiver. In single- 
sideband operation, only one sideband is 
transmitted. 

2-52, From the preceding statement we 
can say that during SSB modulation: 

a, a carrier is modulated with an intel- 
ligence signal. 

b, the carrier is suppressed, 

c, one of the resulting two sidebands 
is eliminated. 



2-53. In conventional AM, the transmitter 
output contains the carrier frequency, a 
USB, and a LSB. U a filter was installed 
at the output of the transmitter to remove 
the carrier and one sideband, we would have 
SSB transmission. 

2-54, This procedure is not a practical 
method to obtain a SSB signal, The waste 
of the transmitter power would be unjusti- 
fied. A more practical method would be to 
modulate the RF carrier signal at some low 
power stage in the transmitter, suppress 
the carrier and one of the sidebands, then 
use the power amplifiers of the transmitter 
to amplify the remaining sideband. In this 
manner, maximum use of the available 
power of the transmitting system is insured. 
The process used to obtain SSB signals is 
called SSB generation. 

2-55. Singie-Sideband Generation. 

2-56. To generate a single-sideband signal 
we need: 

a. an intelligence signal. 

b. a carrier signal. 

c. a balanced modulator. 

d. a sideband filter. 

These items when properly connected to- 
gether will produce a single-sideband signal. 



_95 to M.M UHt 

T 



AUDIO 
SIGNAL 



LSB 



JOO .0 3 la 105 liHi 

T 



USB 



1 

USB 



MJOIO 


» 


BaLaNCEQ 






TO SSB RF OUTPUT 


amplifier 




MODULATOR 





FILTER 


fr» 



/WW 



103 kHz 

Carrier 



carrier 
generator 



ft£P<-W$$ 



Figure 2-15, Circuits Used to Generate a Single -Sideband Signal 
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Figure 2-15 is a block diagram showing a 
circuit connected to convert the intelligence 
signal, 20 Hz to 5 kHz, to a SSB RF signal. 

2-57. Assume that the audio amplifier 
amplifies the audio signal from the micro* 
phone. This signal is coupled to the balanced 
modulator where it will modulate the 100 
kHz carrier signal from the carrier gener- 
ator. The audio and RF signals axe then 
heterodyned in the balanced modulator to 
produce the LSB signal 95 to 99.96 kHz, 
and a USB signal 100.02 to 105 kHz. This 
double-* sideband signal is applied to the 
sideband filter. Notice the carrier signal 
is not applied to the sideband filter. The 
sideband filter will select the one sideband 
signal. In this example, the USB was 
selected and the LSB was eliminated. 

2-56. Carrier Elimination. 

2-59. The balanced modulator circuit is 
shown in figure 2-16. Transformer Tl is 
used to couple the audio signal to points A 
and B. Transformer T2 couples both the 
USB and LSB outputs to Rl. T3 couples the 
100 kllz carrier signal to points C and D. 
Diodes CR1 through CR 4 have matched 
forward and reverse resistances. Gl gen* 
erates the carrier signal. 

2-60. We can use figure 2-16 to show 
how carrier elimination is accomplished 
in the balanced modulator. The primary 
of T2 is connected electrically across 
the bridge circuit at points A and B- 
Assume there is no modulating signal 
applied across Tl, and the 100 kHz car* 
rier signal is applied to T3 with the 
polarity shown in figure 2-16. This car- 
rier signal applied to points C and D 
of the diode bridge will forward bias 
the diodes. The diodes conduct equally 
as shown by the arrows. There is also 
no difference in potential between points 
A and B. The conducting diodes repre- 
sent a very low resistance, and there 
is no current flow through the primary 
of T2, When the carrier signal at the 
secondary of T3 reverses, point C on 
the bridge is positive and point 
D is negative. The diodes are reverse 




Figure 2-16. Modulator Circuit of a 
Single Sideband Generator 



biased. Again, there is no difference in 
potential between points A and B, and car- 
rier current does not flow through the pri- 
mary of T2. The carrier signal was not 
coupled through T2 to Rl, because the bridge 
in the modulator remained balanced. The 
carrier was suppressed. 

2-61. Within the balanced modulator the 
carrier signal causes the diodes to switch 
on and off at the carrier frequency rate. 

2-62. Double -Sideband Output. 

2-63. Figure 2-17 illustrates the action that 
occurs when the balanced modulator has an 
audio signal and an RF carrier signal 
applied simultaneously. Operation requires 
Isolating impedances R2 and R3 to prevent 
interaction between the two signal sources. 

2*64. The waveforms (figure 2-17 showone 
cycle of the audio signal with many cycles 
of the RF carrier signal on the same time 
axis, but not combined in the modulator. 
The positive and negative signals indicate 
the carrier polarity. For clarity, the peak 
value of the carrier is slightly greater than 
that of the voice signal; in actual operation 
the carrier signal is much greater. 

2-65, When both waveforms (figure 2-17 
are applied to the modulator, the diodes CR1, 
CR2, CR3, and CR4 will be reverse biased 
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when the polarity of the carrier signal is 
as shown on T3. This polarity is shown as 
positive on the RF waveforms. Now the 
audio signal applied through Tl makes point 
E positive, and point F negative. Current 
flows in the circuit as shown by the arrows 
for the duration of the positive alternation 
of the carrier shown on the waveforms- On 



the next alternation of the carrier, the 
polarity of the secondary voltage at T3 
becomes negative* The diodes are forward 
biased and the low forward resistance 
effectively places a short across the pri- 
mary of T2 and prevents the signal from 
coupling through T2* This procedure is 
repeated for each carrier cycle* 
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Figure 2-17. Modulator Circuit of a Single Sideband Generator with Waveforms 
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Figure 2*18. Waveforms of a Balanced 
Bridge Modulator 



2-66, The shaded areas on the waveform 
in figure 2-18 show when the diodes are 
reverse biased and there is an output frcm 
the modulator. The unshaded areas show 
when the diodes are forward biased and 
there is no output from the modulator. 
The shaded areas also represent the ampli- 
tude polarity of the modulator output across 
Rl (figure 2-17). 

2*67. The signal at the modulator output 
is shown in figure 2-19, The waveform con- 
tains the upper and lower sidebands. The 
carrier frequency is not in the output be- 
cause carrier current does not flow in the 
primary of T2 (figure 2-17) at any time, 

2-68. Sideband Filters. 

2-69, Sideband filters are bandpass filters. 
Recall a bandpass filter allows only a 
selected band of frequencies to pass, 

2-70- The filter can be of the LC, crystal, 
or mechanical type, A mechanical type 
filter is shown in figure 2*20* 
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Figure 2-19- Modulator Output 



The filter is a cylindrical arrangement 
with disk resonators interconnected by cou- 
pling rods- The mechanical filter is a 
resonant device, which receives electrical 
energy, converts it into mechanical energy, 
and then converts this mechanical energy 
back into electrical energy- The basic ele- 
ments of this device are: 

a- an input transducer which con- 
verts electrical energy into mechanical 
energy* 

b. metal disks which are mechani- 
cally resonant. 

c, coupling rods which couple energy 
between the disks. 

d* an output transducer which con- 
verts the mechanical energy back into elec- 
trical energy. 

2-7 L The input and output transducers 
operate on the principle of magnetostriction. 
Magnetostriction is the property of certain 
ferromagnetic materials to change dimen- 
sions when placed in a magnetic field. 

2-72, When a signal is applied to the input 
transducer coil, the driving rod will vibrate 
in accordance with the signal frequency. 
Since the rod is attached to the first reso- 
nant disk, these rod vibrations will excite 
the disk- The input signal is usually the two 
sidebands; maximum transfer of energy, 
however, will be at the resonant frequency 
of the disk- The bias magnet's magnetic 
field either aids or opposes the magnetic 
field set up by the input signal, and results 
in a more linear change in rod dimensions. 

2*73- As the remaining disksarephysically 
coupled to the first di£k by the metal cou- 
pling rods, they will go into vibration. When 
the mechanical energy causes the last disk 
to vibrate, this motion is transferred to the 
output driving rod- This rod is also of mag- 
netostrictive material and the variations in 
its length causes its permeability to vary. 
Since permeability is one factor that deter- 
mines the number of magnetic lines of 
force, a variation in rod permeability will 
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Figure 2*20, Mechanical Filter 



vary the total number of flux lines in the 
output circuit, These varying flux lines, in 
turn, induce a voltage into the output coil. 
The output will be the desired sideband 
frequency. 



2-76* The modulator in the SSB transmitter 
suppressed the 100 kHz carrier and the 
sideband filter eliminated one sideband. 

2-77, Pulse Modulation, 



2-74, Bandwidth of aSingle-SidebandSignal* 

2-75* The BWof the SSB signal is approxi- 
mately one half the BW of the conventional 
AM signal* Figure 2-21A shows the trans* 
mitted spectrum of a conventional AM sig- 
nal. Figure 2-21B shows the transmitted 
spectrum of a SSB signal. When the 100 kHz 
carrier signal of the conventional AM trans- 
mitter is modulated with the 20 Hz to 5 kHz 
signal the 100 kHz carrier, LSB 95 to d8.d8 
kHz, and the USB 100*02 to 105 kHz signal 
is transmitted. The BW required in the 
frequency spectrum is 10 kHz. When the 
SSB transmitters 100 kHz carrier signal is 
modulated with the same audio signal, only 
one sideband is transmitted. Thus, the BW 
required in the spectrum is 4,98 kHz* 



2-78* Another type of amplitude modular 
tion is Pulse Modulation (PM)* PULSE 
MODULATION is defined as the modula- 
tion of a carrier by a pulse train* Pulse 
modulation is used for many things; from 
telegraphy to radar and telemetry to multi- 
plexing* There are far too many applications 
of pulse modulation to elaborate on any one 
of them, but in this chapter we will cover the 
basic principles of pulse modulation. 

2-79. In figure 2-22, observe the modulat- 
ing square wave* and recall it contains an 
infinite number of odd harmonics in addition 
to its fundamental frequency* Assume that 
this squarr wave has a fundamental fre- 
quency of 1 kHz* and will be used to modu- 
late an RF carrier signal of 1 MHz* When 
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Figure 2-21* Bandwidth Comparison of 
Conventional AM and SSB Signals 



these signals heterodyne, two frequencies 
will be produced- a sum frequency (1*001 
MHz), and a difference frequency (,999 MHz), 
Not only will the fundamental frequency of 
the square wave heterodyne with the carrier p 
hut all of the harmonics contained in the 
square wave will heterodyne with the carrier, 
and sum and difference frequencies asso- 
ciated with those harmonics are produced* 
For example, the third harmonic of the 
modulating square wave (3 kHz) when 
heterodyned with the carrier will produce 
an upper frequency of 1.003 MHz, and a 
lower frequency of .997 MHz* Another set 
of sum and difference frequencies are pro- 
duced for the fifth harmonic of the square 
wave t and so on to infinity* 

2-30. Sidebands. 



2-81* Now refer to figure 2-22 and observe 
the relative amplitude of the sidebands as 
they relate to the amplitudes of the har- 
monics contained in the square wave. Notice 
the first set of sum and difference signals; 
these are directly associated with the ampli- 
tude of the square wave* The second set of 
sum and difference signals are related to the 
third harmonic content within the modulating 
square wave* The third set is associated 
with the fifth harmonic and is only one -fifth 
the amplitude oi the first set of sum and 
difference signals* This rule will apply for 
each sum and difference signal to infinity* 
Notice the upper and lower sidebands (fig- 
ure 2-22) are made up of the sum and dif- 
ference signals produced during the modu- 
lation process* 

2-82* Recall in AM when a carrier is 
modulated, the resultant complex waveform 
as viewed on an oscilloscope appears to 
change in amplitude* Figure 2-2ZA shows a 
carrier modulated with a square wave* The 
peak voltage of the square wave signal is 
less than the peak voltage of the unmodulated 
carrier signal* The resultant amplitude mod- 
ulated carrier signal above the modulating 
square wave (figure 2-23A) increases in 
amplitude when the square wave is positive. 
Notice when the square wave is negative, 
the resultant modulated carrier wave de- 
creases in amplitude* In figure 2-23B the 
modulating square wave is increased in 
amplitude; the RF peaks increase as the 
complex waveform increases during the 
positive alternation of the square wave and 
decreases during the negative half of the 
square wave* In figure 2-23C the amplitude 
of the square wave is further increased, 
until it is almost equal to the unmodulated 
carrier voltage- Notice the modulated wave 
is almost zero during the negative alterna- 
tion of the square wave* Now refer to fig- 
ure 2-23D where we increase the square 
wave modulating voltage so it is greater in 
amplitude than the carrier. Notice during 
the negative alternation of the snuare wave 
the modulated wave is not present. 

2-83. In the frequency spectrum asso- 
ciated with each of these conditions, notice 
that the carrier amplitudes remain constant 
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Figure 2-22. Spectrum Distribution When Modulating with a Square Wave 
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in figure 2-23A, B, and C, but the sidebands 
are increasing in amplitude as the amplitude 
of the modulating square wave increases, In 
figure 2-23D, however, we increase the 
square wave modulating voltage so it is 
greater in amplitude than the carrier. 
Notice that the sideband distribution does 
not change, but as they take on more of the 
transmitted power, so will the carrier. 

2-84. So far in pulse modulation the same 
general rules apply as in AM. In figure 
2-23C where the peak amplitude of the 
square wave is about equal to the peak 
amplitude of the unmodulated carrier, we 
have about 100% modulation* 

2-85* Recall in AM the bandwidth of the 
transmitted waveform was always two times 
the highest modulating signal frequency con- 
tained in the modulating waveform* The 
same holds true for PM. 

2-86. Pulse Transmission. 



Figure 2-23. Various Square Wave Modu- 
lation Levels with Frequency Spectrum 
Carrier and Sidebands 



2-87, Thus* far we have established a 
carrier; and then we caused its peaks to 
increase and decrease as a square wave 
is applied. Some pulse modulation systems 
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modulate a carrier in this manner. Other 
systems produce no RF carrier until pulsed, 
and RF occurs during the pulse. As an 
example, look at figure 2-24 and establish a 
carrier frequency of 1 MHz- Each cycle of 
the RF energy requires a certain amount of 
time, if we allow oscillations to occur for a 
given period of time, only during selected 
intervals as shown in figure 2-24A, we are 
PULSING the system as shown in figure 
2-24B- 

2-88* Frequency Modulation. 

2-89. FREQUENCY MODULATION (FM) 
is defined as angle modulation of a sinsus- 
oidal carrier in which the instantaneous 
frequency of the modulated wave differs 
from the carrier frequency by an amount 
proportional to the instantaneous amplitude 
of the modulating signal, The modulating 
signal is the intelligence signal, 

2-90 4 When a frequency-modulated wave is 
viewed on an oscilloscope, the frequency of 
the modulated wave can be seen to constantly 
change as the amplitude of the modulating 
signal changes while the amplitude of the 
modulated wave remains constant. 



2-91. In frequency modulation the unmod- 
ulated carrier frequency is designated the 
center frequency, 

2-92. Figure 2-25A shows a single sine 
wave of audio signal. This signal will be 
used to frequency-modulate an RF carrier 
signal. Figure 2-25B shows the resulting 
frequency- modulated waveform. Both wave, 
forms have been drawn on a common scale 
with respect to time. From TO to Tl, there 
is no modulation of the RF carrier wave by 
the modulating signal. Thus, the carrier 
wave remains on the center frequency. Dur- 
ing the Tl to T2 interval, the modulation 
signal increases from zero toward a maxi- 
mum positive peak amplitude. The RF car- 
rier wave departs from thecenterfrequency, 
and increases toward a higher frequency. 
From T2 to T3, the modulating waveform 
decreases back to zero. The FM waveform 
decreases in frequency toward the center 
frequency, At T3, the modulated carrier will 
have the same frequency as the unmodulated 
carrier signal. From T3 to T4 the modulat- 
ing waveform increases from zero to a 
maximum negative peak amplitude. The FM 
waveform will depart from center frequency 
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Figure 2-24, Pulse Transmission 
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and decrease to a lower frequency. From 
T4 to TS the modulating signal will de- 
crease from its maximum negative peak 
amplitude toward zero. The FM waveform 
will increase in frequency back toward the 
center frequency. From T5 to T6 there is 
no modulation, thus, the carrier frequency 
remains on the center frequency* 

2,93. During the complete modulation cycle 
of the RF waveform in figure 2-25 t we find 
that: 




a* The center frequency was present 
only when there was no modulation applied, 
or the modulating signal has zero amplitude. 

b, When the modulating waveform has a 
positive amplitude the frequency of the mod- 
ulated waveform was higher than the center 
frequency. 

c, When the modulating waveform has a 
negative amplitude the frequency of the mod- 
ulated waveform was lower than the center 
frequency. 

d, The amplitude of the modulated RF 
carrier did not change throughout the modu- 
lation process, 

2-94. Frequency Deviation, 

2-95. FREQUENCY DEVIATION is defined 
as the difference between the instantaneous 
frequency of the modulated wave and the 
carrier frequency, 

2-96. In the FM transmitter the oscillator 
oscillates at the center frequency when 
there is no modulating signal from the 
modulator. An intelligence signal from the 
modulator will cause the oscillator to change 
frequency above and below the center fre- 
quency . Maximum deviation in oscillator 
frequency will occur at the voltage peak of 
the modulating signal. 



Figure 2-25, FM with a Modulating Signal 



10 MHz. As the modulating signal increases 
its peak amplitude, the carrier oscillator 
frequency deviates from its center fre- 
quency to a maximum frequency of 10.1 
MHz, As the modulating signal decreases 
in amplitude back to zero, oscillator devia- 
tion becomes zero. As the modulating signal 
changes to its maximum peak negative ampli- 
tude, the oscillator frequency deviates below 
its center frequency to 9.9 MHz. Asthe mod- 
ulating signal goes from its maximum peak 
negative amplitude back to zero, the oscil- 
lator signal deviation decreases to zero. 
Using the 4 V peak amplitude modulating 
signal causes the carrier to deviate as 
previously explained. However, the oscillator 
deviates from its center frequency to 10,2 
MHz, and back to the center frequency during 
the positive half cycle of the modulating 
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2-97, The amount of deviation of the oscil- 
lator is determined by the amplitude of the 
modulating signal as shown in figure 2-26. 
The modulating signal with 2V peak ampli- 
tude is used to modulate a carrier signal of 



Figure 2-26, Deviation with Respect to 
Modulating Amplitude 
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signal. During the negative halt-cycle of the 
modulating signal, the oscillator will deviate 
from the center frequency to 9.8 MHz and 
back to its center frequency. 

2-96. Look again at figure 2-26 ind see that 
the maximum amount the oscillator deviated 
from its center frequency using the 2 V peak 
amplitude signal was 100 kHz. 

Maximum oscillator frequency 10.1 MHz 
Oscillator center frequency 10 MHz 
Maximum deviation 100 kHz 

When the 4 V peak amplitude signal was used, 
the maximum amount of deviation to the 
oscillator signal was 200 kHz. From this 
analysis we can conclude that maximum fre- 
quency deviation of the oscillator signal 
from its center frequency is determined by 
the peak amplitude of the modulating signal* 

2-99, Rate of Frequency Changes* 

2-100. The frequency of the modulating sig- 
nal determines the frequency of deviation of 



the oscillator above and below the center 
frequency. 

2-101. Notice that in figure 2*27 the fre- 
quency of the audio signal determines the 
rate of carrier frequency deviation. Figure 
2 -27 A shows a high frequency audio signal 
used to modulate the RF carrier and figure 
2-27B shows the same carrier modulated 
with a low frequency audio signal. Notice 
the modulating signal in figure 2-27A is 
twice the frequency of 2-27B. Also notice 
that the frequency of deviation is directly 
proportional to the frequency of the modu- 
lating signal. As the frequency of the modu- 
lating signal is increased the frequency of 
deviation will also increase. 

2-103. The FM waveform contains an infi- 
nite number of sidebands. In FM a sideband 
must contain at least one percent of the total 
transmitted power to be a significant side* 
band. The number of significant sidebands 
determine the BW of the transmitted signal. 
The number of significant sidebands is deter- 
mined by the modulation index (MI). 




2- 104. MI is a ratio of the frequency de- 
viation to the modulating signal frequency 
causing the deviation. The formula for MI 

is: 



f 



MI 



m 



where: 

= frequency deviation 
* m = frequency of the modulating signal 

2-105. For example, assume we are using 
the 1 V modulating signal, and the frequency 
of the signal is 15 kHz. The 1 V modulating 
signal will cause the oscillator frequency to 
deviate 30 kHz from the oscillator center 
frequency. We see the MI is 2. 



Ml 



30 kHz 
15 kHz 



2-106. A question now is how do we use 
the Mi to determine the number of significant 
sidebands? The chart in figure 2-28 lists 
the number of significant sidebands con- 
tained in the modulated waveform when the 
MI is known. For a MI of 2, there would be 6 
significant sidebands, 4 USB and 4 LSB 
signals, in the transmitted spectrum. 

2-10*7. Now, let's look at our transmitted 
spectrum. Figure 2-29 illustrates the 
frequency -modulated output spectrum for a 
MI of 2. The spectrum is the sum of the 
center frequency component and the sideband 
components. The center frequency com- 
ponent has the same frequency as the un- 
modulated carrier. The two components of 
the first sideband pair have frequencies 
respectively higher and lower than the center 
frequency by the amount of the modulating 
frequency. The second set of sidebands have 
frequencies respectively higher and lower 
than the center frequency by an amount of 
two times the modulating frequency. The 
third set is three times and the fourth set 
is four times the modulating frequency. 
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Figure 2-28. Modulation Index Chart 



2-lOfi. Look again at figure 2-29 and note 
that the BW of the transmitted FM signal 
is 120 kHz. In FM, increasing the frequency 
or amplitude of the modulating signal in- 
creases the BW of the transmitted signal. 

2-109. Reactance Tube Modulator. 



3 O. 



— y — 

120 WHt 



PEP4-1 964 



1* 



Figure 2-29. Spectrum Distribution for a 
Modulation Index of "2" 
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Figure 2-30. Reactance Tube Modulator (Inductive Reactance) 



2-110, Observe the basic circuit (figure 
2 -30 A), and notice the arrangement of R and 
C in the circuit. This network is a phase 
shifting network and the heart of the reac- 
tance tube circuit. The resistance of R is 
much larger than the capacitive reactance 
of C. This causes the circuit to act resis- 
tively to the RF, 

2-111. Now examine the effects of this 
arrangement: 

a. The tank voltage (Ef) will establish 
the reference vector as shown in figure 
2-30B, 

b* Since the tank is in parallel with the 
RC network, the current in the network (l n ) 
will be nearly in phase with the tank voltage. 
(Remember that the network is primarily 
resistive.) 

c* Network current (Ijj) will develop a 
voltage across C that lags current ^ by 
90°. The voltage developed across C is the 
grid voltage (E ) for the reactance tube. 

d. Grid voltage (Eg) and plate current 
(1^) are in phase, and ooth lag E t by 90°. 

e« Since the tube is in parallel with the 
tank* the plate voltage (E p ) of the tube is in 
phase with the tank voltage (E t ). Since Ip 
lags E p by 90% the tank sees the reactance 
tube circuit as an inductor placed in parallel 
with the tank. 



2-112. Now, consider what happens wnen 
an audio voltage is applied to the input jack. 
On the positive alternation, reactance tube 
current will increase, and the inductive 
reactance reflected to the tank decreases 
(figure 2-31). When inductive reactance de- 
creases, the resonant frequency of the tank 
increases* 

2-113. When the audio input goes negative 
current decreases. The inductive reactance 
then increases, and the tank frequency de- 
creases (figure 2-32). 

2-114. Now, consider a circuit which simu- 
lates capacitive reactance instead of indue* 
tive reactance. To do this, the phase shifting 
network changes, as shown in figure 2-33. 
Note that the capacitor is now between the 
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Figure 2-31. Reactance Tube Modulator 
With Positive -Going Input 
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Figure 2*32. Reactance Tube Modulator 
with Negative -Going Input 



plate and grid, and the resistor is between 
grid and ground. Auother change has been 
made to the circuit that does not show in 
the diagram - the capacitive reactance is 
now much greater than the resistance. The 
circuit will now act in the following manner* 

a. Tank voltage will again be the refer- 
ence vector. 

b. Since the RC network is now capaci- 
tive, the network current will lead tank 
voltage by nearly 90% 

c. Voltage across the resistor will be 
in phase with network current and lead tank 
voltage by nearly 90*. This voltage is felt 
on the grid (Eg), (Tank voltage is the voltage 
across the capacitor which lags network 
current by 90\ 




Figure 2-33, Reactance Tube Modulator 
(Capacitive Reactance) 



d, Since plate current and grid voltage 
are in phase, plate current will le?.d plate 
voltage by 90* * 

e, Plate voltage (E p ) will be in phase 
with tank voltage since the tank and tube are 
cenncected in parallel, 

2-115. You can see by this vectoral analy- 
sis that Ip leads Ep by 90\ The circuit is 
therefore, acting capacitively, and reflects a 
capacitive reactance to the tank. This cir- 
cuit, acts diffe rently from the inductive 
circuit, because inductive and capacitive 
reactances differ: 

X L 2 Ti fL 

and 

C 2 IT fC 

2-116* In the capacitive circuit, a positive 
voltage from the intelligence source will 
cause the output frequency to decrease, 
while a negative voltage will increase out- 
put frequency. 

2-117. Varactor Modulator. 

2-116. Another FM modulator which is 
widely used in transistorized circuitry 
employs a voltage variable capacitor, 
called a VARACTOR, The varactor is 
simply a diode, or a PN junction, designed 
to have a certain amount of capacitance 
across the Junction. Figure 2-34 shows the 
schematic symbol and a diagram of a 
varactor in a simple oscillator circuit. 
(This is not a working circuit, but merely a 
simplified illustration.) The capacitance of a 
varactor, as with all capacitors, is deter- 
mined by the area of the capacitor plates 
and the distance between the plates. The 
depletion region in the varactor deter-* 
mines the distance (dielectric) between the 
P and N elements (plates)* 

2-119. In all PN junctions when reverse 
bias is varied, we change the thickness of 
the depletion region, and thereby, the 
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Figure 2*34, Varactor Symbol 
and Schematic 



capacitance changes, The varactor is de- 
signed so the change in the capacitance is 
Linear with a change in the applied voltage. 
Proper circuit design prevents the applica- 
tion of forward bias, 

2-120, Notice the simplicity of operation of 
the circuit in figure 2-35, An audio signal 
applied to the input results in the following 
action: 

a, On the positive alternation, reverse 
bias increases and the dielectric (depletion 
region) width increases. This decreases 
capacitance, which increases the frequency 
of the oscillator, 

b, On the negative alternation of the 
audio signal, the reverse bias decreases, 
resulting in an oscillator frequency decrease, 

2-121, Phase Modulation, 




Figure 2-35, Varactor FM Modulator 



2-122, In FM, the transmitter oscillator 
changes frequency above and below the 
center frequency as the modulating signal 
is applied, In phase modulation (PM), the 
transmitter oscillator frequency is not 
changed during modulation. In fact the PM 
system usually employs a crystal oscillator, 

2-123, Phase modulation implies that the 
phase angle of a carrier is varied in accord* 
ance with the modulating audio voltage, 
whereas the current amplitude of the re- 
sulting phase modulated wave is maintained 
constant, 

2-124, When a phase -modulated wave is 
viewed on an oscilloscope, it has the appear- 
ance of a frequency-modulated wave; namely, 
the phase -modulated wave appears to vary in 
frequency and has a constant current ampli- 
tude. Thus, as inafrequency-modulatedwave 
the power in the phase-modulated wave does 
not vary, 

2-12F, A PM wave is produced by shifting 
the phase of the carrier with respect to the 
modulating voltage while maintaining the 
amplitude of the carrier constant. A trans- 
mitter utilizing phase modulation uses phase - 
shifting circuits following the oscillator 
which, to accomplish modulation slows down 
or speeds up the frequency of the carrier. 

2-126, Figure 2-36A illustrates theunmod- 
ulated RF carrier, The amplitude and fre- 
quency of the carrier are constant. 

2- 1 27, Figure 2 -36B illustrates a sine-wave 
audio voltage which modulates the carrier. 
During time interval A to B no modulating 
voltage is applied to the carrier. During 
time interval B to C the single sine-wave 
of audio voltage modulates the carrier, 

2-128, Figure 2-36C illustrates the phase 
shifting of the carrier to the resulting 
phase -modulated wave. The unmodulated 
carrier is represented as a thin line. The 
thin line wave is used as the reference wave 
to show the phase shifting of the carrier to 
the resulting phase-modulated wave. The 
resulting phase -modulated wave is repre- 
sented by the heavy-line wave in figure 
2-36C, 
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2-131, The rate at which a phase -modulated 
wave shifts from one phase value to another 
is proportional to the frequency of the mod- 
ulating voltage. The higher the frequency, 
the more rapidly the phase of the modulated 
wave shifts from one phase value to another, 

2-132. The number of degrees through which 
the phase of the carrier is shifted is pro- 
portional to the amplitude of the modulating 
voltage. The greater the amplitude of the 
modulating voltage, the greater the number 
of degrees through which thephase-modulated 
carrier is shifted during modulation. 

2-133. Sidebands in Phase -Modulation, 

2-134. When an RF carrier is modulated 
in phase modulation we generate sidebands. 
The sidebands produced in phase -modulation 
are spaced on either side of the carrier 
signal by an amount equal to the modulating 
signal frequency. These sidebands contain 
the intelligence. 



Figure 2-36. The Phase -Modulated Wave 

2-129. In figure 2-36D we see the resulting 
phase modulated waveform* This waveform 
is the output waveform of the phase modu- 
lator. Notice during time interval from A 
to B when the carrier is not modulated, the 
output of the modulator is the carrier fre- 
quency (F c ). During the time interval from 
B to C the carrier is modulated and the 
resulting output waveform of the modulator 
is seen to be varying in frequency, 

2-130, Notice when the carrier is modu- 
lated by the positive half cycle of the modu- 
lating signal in figure 2-36B (0° to 180*}, 
the phase of the modulated wave in figure 
2-36C laps the phase of the original refer- 
ence carrier* Likewise, when the carrier 
is modulated by the negative half cycle of 
the modulating voltage in figure 2-363(180° 
to 360°) the phase of the modulated wave in 
figure 2-36C leads the phase of the original 
reference carrier. 



2-135, The amplitude of the modulating 
signal determines the number of significant 
sidebands in phase -modulation. Increasing 
the amplitude of the modulating signal in- 
creases the number of significant sidebands. 



2-136. Increasing the frequency ofthemod- 
ulating signal leaving amplitude constant will 
not increase the number of significant 
sidebands. 



2-137. Figure 2-37A shows the spectrum 
for a carrier modulated with a 10 kHz sig- 
nal. Figure 2-37B shows the spectrum for a 
carrier modulated with a 5 kHz signal* Both 
modulating signals had the same amplitude. 
Notice there are 10 significant sidebands in 
each spectrum. Also notice only the BWof 
the transmitted spectrum changes as the 
frequency changes. In PM, Increasing the 
frequency or amplitude of the modulating 
signal increases the BW of the transmitted 
signal* 
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Figure 2-37, PM Spectrum 
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Chapter 3 



DEMODULATION 



3-1, One of the functions of a radio re- 
ceiver is the demodulation of a radio wave 
picked up by the receiving antenna, 

3-2. Demodulation is the process of ex- 
tracting the signal intelligence from a modu- 
lated carrier wave, 

3-3. Recall the modulated waveform at the 
transmitter did not contain the original 
intelligence signal as a distinct frequency. 
The intelligence was carried in the sideband 
signals. The sideband signals were the new 
signals produced during the modulation pro- 
cess. The original intelligence signal must 
be recovered from the modulated waveform 
at the receiver. This is the purpose of 
demodulation, 

3-4, The requirements for demodulation 
are as follows: 

a. The demodulator inputcircuitmustbe 
sensitive to the modulation characteristics, 

b. Nonlinearity must be present to cause 
heterodyning, 

c. An RF carrier signal must 
be present at the input of the demodulator 
to heterodyne with the sideband signals to 
reproduce the original intelligence signal, 

d. Filtering is required at the output of 
the demodulator to select the desired intelli- 
gence signal and reject the unwanted RF 
frequencies, 

3-5, AM Demodulation, 

3-6. AM demodulation is the process of 
extracting the signal intelligence from an 
AM carrier, 

3-7, An amplitude modulated RF carrier 
can be demodulated by several types of 
demodulators. The circuits which demodu- 
late AM signals are called detectors* 



3-8, Diode Detector. 

3-9, The diode detector circuit shown in 
figure 3-1 A meets the requirements for AM 
demodulation. The input tank circuit L2 and 
CI will be tuned to the carrier frequency. 
Thin tank circuit will be tuned so that its 
BW is wide enough to pass all of the signals 
contained in the complex waveform. The 
diode tube will furnish the nonlinearity re- 
quired for heterodyning, C£ will be used to 
filter out the unwanted components after 
heterodyning takes place, R will develop the 
intelligence signal, 

3-10, Assume that we have modulated a 455 
kHz carrier signal with a 5 kHz modulating 
tone at the transmitter. The transmitted 
waveform would contain the original carrier 
signal of 455 kHz, the USB signal 460 kHz, 
and the LSB signal 450 kHz* This transmitted 
waveform is also the received waveform 
present at the input to the detector and is 
shown in figure 3- IB* 

3-11* Current flows through the diode when 
the plate is positive with respect to the 
cathode. As a result of this rectifying action 
the output waveform present at the cathode 
will be a series of RF current pulses as 
shown in figure 3-1C, The output waveform 
contains frequencies other than the carrier 
and sideband frequencies contained in the 
input waveform. They are: 

a* 905 kHz T the sum of the carrier and 
LSB signal, 

b, 915 kHz, the sum of the carrier and 
USB signal, 

c. 5 kHz, the difference between the 
carrier and sideband signals, 

3-12, The filter capacitor C2 selects the 5 
kHz signal by charging very rapidly to nearly 
the peak value of the applied RF voltage* as 
indicated by point A in figure 3-1D, As the 
applied RF voltage falls below itspeakvalue, 
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C2 begins to discharge very slowly through 
R as indicated at point B. When the peak RF 
voltage on the next cycle exceeds the peak 
voltage of the previous cycle, the capacitor 
charges up to a higher potential shown at 
point C. This action continues through the 
two complete output waveforms in figure 
3-1C. Thus, the filtered output across C2 
is a DC voltage that varies at the audio 
frequency rate of 5 kHz shown by the solid 
black line in figure 3-1D. 



3-13, Although the curve of the average DC 
output voltage appearsto be somewhat jagged, 
the RF component can be made negligible, 
and the modulating signal originating at the 
transmitter can be faithfully reproduced. 



3-14. The RF components contained in the 
waveform are filtered out because C2 
charges rapidly through the diode and dis- 
charges slowly through R. 
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Figure 3-1. Diode Detector Circuit and Waveforms 
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Figure 3-1- Diode Detector Circuit and Waveforms (Continued) 



3- 15- Grid Leak Detector. 

3-16- The grid leak detector in figure 3-2 
functions like the diode detector combined 
with a trlode amplifier. However, it is con- 
venient to consider detection and amplifica- 
tion as two separate functions- The grid of 
the triode tube will function as the detector 
plate- The triode section then provides 
amplification of the detected signal, 

3-17- The circuit components of the grid 
leak detector satisfy the requirements for 
demodulation- The input circuit L2 and CI 
will be sensitive to the modulated carrier, 
Nonlinearity is provided by the diode section 
because the grid leak bias network Rl and 
C2 will cause heterodyning within the grid 
circuit- Filtering of the RF signals from the 
output is accomplished by C3 and L3, 

3-18- The input signal is applied through 
Tl- The grid leak capacitor charges very 
rapidly through the small grid to cathode 
resistance during the peaks of the positive 
half cycles- During the negative half cycles 
of the RF input signals, the grid capacitor 
discharges very slowly through Rl- This 



clamping action of the grid leak bias then 
causes the grid to cathode waveform shown 
in figure 3-2- The grid to cathode waveform 
contains the original RF components of the 
input waveform, the sum and difference fre- 
quency* The grid waveform is amplified by 
the triode section of the electron tube. The 
plate voltage waveform is the result of the 
filtering of the RF components by C3 and 
L3- The output voltage waveform is the 
received intelligence signal. 

3-19- In the grid leak detector, the input 
impedance is low because grid current must 
flow to perform the heterodyning action 
within the grid circuit- 

3-20- Plate Detector, 

3-21- The plate detector shown in figure 
3-3A has a high input impedance because 
grid current does not flow during the entire 
input cycle of RF variations at Li, 

3-22. The circuit components satisfy the 
requirements for amplitude demodulation* 
The tank circuit L2 and C respond to ampli- 
tude variations- Heterodyning occurs within 
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Figure 3-2. Grid-Leak Detector, Schematic and Waveforms 



the triode tube because the cathode self bias 
resistor is large enough to insure the stage 
will Jje biased at approximately cutoff. 
Cathode bypass capacitor CI is large enough 
to hold the voltage across Rl steady at the 
lowest audio frequency detected. Filtering 
is accomplished by C2 and L3. 



3-23* The action of the plate detector may 
be demonstrated by the use of the tube 
characteristic curve and waveforms in fig- 
ure 3-3B. On the positive half-cycle of the 
RF input signal, the plate voltage falls be- 
low tho B+ supply voltage because of the 
increased drop across R2 and L3. C2 
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Figure 3-3. Plate Detector Schematic and Waveforms 



discharges through the conducting tube. 
Thus, plate current is furnished by C2 
rather than the B+ supply. The drop across 
R2 and L3 is limited and the decrease in 
plate voltage is slight. On the negative half- 
cycle of the RF input signal, the plate cur- 
rent is cutnff and the plate voltage rises. C2 



charges through L3 and R2, The drop across 
R2 and L3 limits the rise in plate voltage; 
thus, C2 resists a voltage change at the RF 
rate. Because C2 and R2 have a short time 
constant with respect to the lowest audio 
frequency signal, the voltage across C2 will 
vary at the audio frequency output. 
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3-24* Infinite Impedance Detector* 

3-25* The infinite impedance detector 
shown in figure 3-4 resembles the plate 
detector with the exception that the load 
resistor Rl is connected from the cathode 
to ground* This arrangement makes the 
infinite impedance detector essentially a 
cathode follower* 

3-26* The circuit components satisfy the 
requirements for amplitude demodulation* 
The tank L2 and CI respond to amplitude 
variations* The input impedance is extremely 
high* therefore, grid voltage remains nega- 
tive even for the strongest input signals* 
Filtering of the RF components from the 
output provided &y C2. Filtering of radio 
frequencies and audio frequencies from the 
B+ power supply is provided by C3 and R2 
in the plate circuit. 

3-27* Single Sideband Demodulation* 

3-26, Recall that in the generation of SSB 
signals the carrier is suppressed* The 



transmitted intelligence is either a USB or 
an LSB* Thus, the reference carrier is not 
present in the received waveform* Before 
detection of the SSB signal can take place; 
the carrier signal must be restored at the 
receiver* The carrier signal must be at 
least ten times the amplitude of the received 
single** sideband signal* This ratio of the two 
signals prevents distortion of the intelligence 
signal at the detector output* 

3-29* Observe figure 3-5 and assume an 
original carrier signal frequency of 100 
kHz is modulated with an intelligence signal 
of 5 kHz at the SSB transmitter* Assume 
the USB (105 kHz) was transmitted* This 
105 kHz RF signal is the input signal at G3* 
The crystal oscillator V2 must furnish the . 
100 kHz carrier signal at Gl* These two 
signals when heterodyned together in VI 
will produce four signals in the VI output* 
The are: 

105 kHz, the original USB signal* 

100 kHz, the carrier oscillator signal* 

205 kHz* the sum of the USB and carrier 
oscillator signal* 

5 kHz, the difference frequency of the 
USB and carrier oscillator signal* 

The capacitor C filters out the three RF 
signals* The original 5 kHz intelligence sig- 
nal is developed across R and is the audio 
frequency output* 

3-30* Pulse demodulation* 




Figure 3-4* Infinite Impedance Detector 



3-31* Pulse demodulation is the process of 
extracting a pulse from a pulse modulated 
waveform* 

3-32* The detector used in pulse demodu- 
lation is essentially an amplitude detector. 
Recall that in pulse modulation there are 
many sideband components in the modu- 
lated waveform* Thus, the transmitted 
waveform had a very wide bandwidth* The 
pulse detectors input circuit must be wide 
enough to pass the carrier signal and the 
many sideband components to recover the 
original pulse used during the modulation 
process* 
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Figure 3-6. Pulse Detector 



caused the carrier signal to deviate above 
and below its center frequency. In order 
to demodulate the FM signal, the demodu- 
lator stage must be a circuit which can 
sense frequency variations and convert these 
variations to voltage changes* 

3-36. In the FM receiver the stage that 
extracts the intelligence from the FM signal 
is also the demodulator stage, or more 
commonly called a frequency discriminator. 



Figure 3-5. Product Detector Schematic 3 ~ 37 - The requirements for FM demodu- 

lation are: 



3-33, Figure 3-6 shows a detector used to 
demodulate a pulse modulated waveform* 
The circuit operates like the regular AM 
detector previously discussed. If the input 
is a pulse modulated waveform, the output 
will be the same as the original pulse used 
during the modulation process* 

3-34. FM Demodulation. 

3-35, In frequency modulation you learned 
that during the process of modulation the 
varying amplitude of the intelligence signals 



a. The input circuit to the demodulator 
circuit must change frequency variations 
into amplitude variations. 

b. A nonlinear impedance is necessary 
so heterodyning of the carrier and sidebands 
can occur, 

c* A filter must be present to filter out 
the unwanted RF in the output. 

d, A load must be present to develop 
the intelligence signal* 
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b. Induced voltage (E j will be 180° 
out of phase with E * 
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Figure 3-7. Foster-Seely Discriminator 



c* Current in the secondary circuit (S) 
will be in phase with the induced voltage 
(E^), because the secondary tank acts re- 
sistive at resonance. 

d. Tank voltage (E t ) will lag by 90% 
because Et is the capacitor voltage, which 
lags capacitor current by 90*. 



~ 3-43* Now, observe the vector relationship 
between Et and E p , They are 90* out of 
». phase. The vector sum of E^ and Ep pro- 
duces the output voltage E Q f or the Foster- 
Seely discriminator (figure 3-8C), To 
arrange the two voltages so that the voltage 
applied to the detector circuit (E 0 ) will be 
the vector sum of Et and E p , another induc- 
tor is placed electrically in parallel with 
the transformer primary winding as shown 
in figure 3-8B. 



3-38* Foster-Seely Discriminator. 

3-39. The Foster-Seely discriminator 
shown in figure 3-7 answers the require- 
ments for FM demodulation. The input tank 
circuit, L2, L3, L4, and CI changes fre- 
quency variations into amplitude variations. 
The diodes VI and V2 are the nonlinear 
impedances necessary for heterodyning, RF 
filtering is provided by C2 and C3, The 
intelligence signal is developed across load 
resistors Rl and R2, 

3-40, The Foster-Seely discriminator is 
the phase-shift type, since demodulation 
depends on the phase-shift obtained across 
the transformer secondary* 

3-41* To understand the input circuit of 
the Foster-Seely discriminator, let's first 
review some principles of transformer 
action with a tuned secondary. 

3-42. In figure 3-8A, a signal applied to 
the primary winding at the frequency to 
which the secondary is tuned produces the 
following current and voltage relationships: 

a. Primary voltage (E ) will establish 
the reference vector. P 



NOTE. The vcltage felt across the 
new inductor will be the same as 
Ep , and not the same as the induced 
voltage. 

3-44. If we now take this parallel inductor 
and place it in series with the tank circuit 
output, we cause E 0 t° be the vector sum of 
E t and E p (figure 3-8C), 

3-45* This is a basic circuit which will 
give us a voltage-varying signal at the out- 
put for a frequency -varying signal at the 
input* Let's see how this happens. 

3-46. Remember we said that the tank 
circuit acts resistively as long as it is 
resonant. This causes E 0 to be a constant 
amplitude. If we shift the input frequency 
above the resonant frequency of the tank, we 
know the tank will act inductively, since Xl 
will increase and will decrease. Since 
the circuit is inductive, the current (Ig) and 
voltage (E^) in the secondary will no longer 
be in phase. Current will lag the voltage 
(figure 3-8E0 

3-47, Remember that the output voltage 
from the tank (E t ) is still developed across 
the capacitor and will always lag the 
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Figure 3-8. Basic FM Input Circuit (Single-Tuned) 
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secondary current (Ig) by 90*- As Et moves 
out of phase with induced voltage (E{), the 
tank voltage (£^) becomes more in phase 
with the primary voltage (Ep)- Once again 
Et and Ep combine, and E Q will be the 
vector sum of the two. Naturally, since 
these two are now more in phase, the out- 
put voltage increases (figure 3-6E), 

3-46, With the signal reaching its maxi- 
mum deviation and then returning to the 
resonant frequency, the output voltage again 
returns to the smaller value. As the signal 
passes through resonance and starts de- 
creasing in frequency, the tank circuitstarts 
to act capacitively, since a decreasing fre- 
quency increases Xc and decreases X^* 
Now, secondary current (Ig) will lead the 
induced voltage (E^), The output from the 
tank (E t ) will be more than 90° out of 
phase with respect to Ep- The vector sum 
of the two will now decrease; thus, E G will 
be less (figure 3-6F)« 

3-40. To improve linearity, another identi- 
cal circuit is placed in push-pull with the 
first (figure 3-d), Note that the reference 
voltage Ep, is common to both circuits. 
Since the push-pull outputs are 180° out of 



phase with each other, they are both 90° 
out of phase with Ep (at resonance). Across 
the output we produce the vector sum volt* 
ages E 0l and E o2 

3-50, This is a basic input circuit used in 
many FM demodulators. If we modify it 
slightly and replace the two secondary in* 
ductors with one that is center -tapped, we 
still have the same circuit action. If we 
remove the two capacitors and replace them 
with one that is one-half the value of either 
one of the others, we still have the same 
circuit as shown in figure 3-9, only now the 
configuration is that of L2> L3 f L4, and CI 
of figure 3-7, All that is necessary now is 
to add an amplitude detector and filter (VI, 
V2, C2, C3, and the resistors) and we 
have a basic FM demodulator, known as the 
Foster-Seely (phase-shift) discriminator. 

3-51. A limitation to the Foster-Seely dis- 
criminator is that the circuit passes any 
amplitude variations at the input to the out- 
put, resulting in noise and distortion in the 
reproduced signal. For this reason, the 
circuit should have an amplitude limiter 
stage preceding it. 




Figure 3-9, Making the Converted Wave Linear 
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3*52. Ratio Detector. 

3-53. The ratio detector is similar to the 
Foster -Seely discriminator. An advantage 
of the ratio detector over the Foster -Seely 
discriminator is that it does not respond 
to changes in amplitude, and thus, elimi- 
nates the need for a limiter stage. It does 
not produce amplitude changes in the output 
when amplitude changes occur in the input. 
The manner in which this is done is rela- 
tively simple, but, before discussing this, 
let's look at the circuit to see how it 
operates. 

3-54. Figure 3-10 shows the ratio detector 
circuit. You'll note that the diodes are 
placed in the circuit in a different manner 
than they were in the Foster-Seeley circuit 
In the ratio detector the cathode of one 
diode is connected to the input transformer 
and the plate of the other diode is connected 
to the opposite side of the transformer. 

3-55. Again, exactly as in the Foster- 
Seely, we have an input circuit which uses 
phase combined voltages applied to the diode 



circuits. The combination of the voltages 
across L4 and that across L2 produces the 
voltage applied to VI. At resonance, the 
input voltage will cause these two to be 90° 
out of phase. When the input frequency 
increases, the two become more in phase 
producing an increase in amplitude in the 
resultant vector (Eyi), along with a flight 
phase shift in that voltage. However, it is 
the amplitude variation that concerns us. 
When the input frequency decreases, during 
deviation below carrier frequency, the phase 
difference between EL2 e L4 becomes 
greater, and the amplitude of the resultant 
vector decreases. Again, it is the amplitude 
change that concerns us. 

3-56. By the analysis of a complete cycle 
of frequency deviation in the input of this 
circuit, you can see that we produce a com- 
plete cycle of amplitude change at the output. 
This circuit converts a constant amplitude 
signal to one which has amplitude variations. 
The diode (VI) and the low-pass filter 
(R 0 ->C2) in the output detect the amplitude 
variations and reproduce the modulating 
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signal. But, as in the Foster-Seeiy, the 
length of the resultant vector applied to one 
diode aoes not change linearly with the 
change in frequency input. Therefore, we 
add another section, the same as we did in 
the Foster-Seely circuit. The diode (V2) 
in the second section (figure 3- 10) operates 
by the vector sum of the voltage across L4 
and L3. Note that the diode currents through 
the combined resistance in the output are in 
the same direction, and they establish an 
average voltage across the circuit that is 
not zero, as in the Foster-Seely. A large 
capacitor (C4) placed across the output 
charges to the average voltage across the 
combined outputs. This charge tends to hold 
the average voltage constant across the 
resistors. If the input to the tank should 
suddenly increase in amplitude, the capacitor 
would have to charge to that new value 
before the increase could appear across 
the resistor in the output. Since the capacitor 
cannot charge instantly, the voltage across 
the resistors will not respond to sudden 
amplitude changes from the signal source. 

3-57. The output is taken from across only 
one of the resistors (R 0 ). This is where the 
ratio detector gets its name. Even though the 
sum of the voltages across both resistors 
remains constant, the ratio of the voltage 
across each resistor to that constant value 
may be constantly changing. 



3-58. Quadrature Detector. 

3-59. An FM demodulator employing a 
completely different principle is 'the quadra- 
ture detector. The quadrature detector is 
shown in simple diagram form in figure 
3-ilA. The quadrature detector is self- 
limiting and, therefore, does not require the 
use of a separate iimiter. The quadrature 
detector employs a specially designed gated 
beam tube illustrated in figure 3-1 IB. 



3-60. in this tube the focus electrode 
forms a shield around the cathode except 
for a narrow slot through which the electron 
beam flows. The beam flows toward the 



Iimiter grid. The iimiter grid acts like a 
gate and when the* gate is opened, electrons 
flow through toward the screen grid. When 
closed, the gate stops the beam completely. 



3-61. After the electron beam passes the 
Iimiter grid, the screen grid refocuses the 
beam toward the quadrature grid* The quad- 
rature grid acts much the same as the 
iimiter grid; it either opens or closes to 
the passage of electrons. Either grid can 
cut off plate current. Plate current can flow 
only when both gates are open. 



3-62. Now, looking again at the circuit in 
figure 3-UA, note that in the diagram, the 
screen grid has been eliminated for simpli- 
city of circuit explanation. An input signal will 
appear as the one shown in figure 3-1 IC The 
Iimiter grid gate action creates a waveshape 
like figure 3-ilD- Note that we now have a 
square wave. This is the current waveform 
passing the Iimiter grid. 

3-63. When the quadrature grid is cut off 
the electron beam moving near the quadra- 
ture grid will induce a current into the grid 
which will develop a voltage across the high 
Q tank circuit- The current induced is 
through space charge coupling and will lag 
the space current by 90* (figure 3-1 IE), 

3-64. Since the quadrature grid also has 
the same conduction and cutoff levels as the 
Iimiter grid, the resultant wave will also be 
transformed into a square wave (figure 
3-1 IF). 

3-65. Since both grids must be positive at 
the same time in order to have plate current, 
we can see by overlaying the current wave- 
forms how much conduction time occurs for 
each cycle of the input (figure 3-L1G). 

3-66. Figure 3-ilH shows the actual output 
plate current waveshape from this circuit. 
The basic freouf^v is the same as the 
applied frequency at the Iimiter grid. 
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Figure 3-11. Quadrature Detector 



3-67. Now consider what would happen 
with a deviation in frequency at the input. 
If the frequency decreases, the voltage 
across the quadrature tank also decreases 
in frequency. The tank appears inductive to 
the induced current and the voltage will then 
lag the applied voltage by less than 90* 
(figure 3-11J). Note that the resultant out- 
put time increases and so does the average 
current in the plate circuit. 

3-68. As the input frequency increases, the 
opposite action takes place with the two grid 
signals moving more out of phase and the 
average current level decreases (figure 
3-111), 

3-69. The filter capacitor in the plate cir- 
cuit will eliminate the undesired frequency 
elements. The charge on the capacitor will 
follow the deviation of input FM, Thus* we 
have extracted the intelligence from the 
modulated FM wave (figure 3-11 K), 



3-70. Phase Demodulation. 

3-71. Phase demodulation is the process 
of extracting the intelligence signal from a 
phase modulated waveform. 

3-72. Under certain conditions, the FM 
discriminator can be used for phase- 
demodulation. However, a true reproduction 
of the intelligence signal can be obtained 
only by additional processing of the signal. 
One of the best methods of demodulating 
the phase modulated wave is to modify an 
FM detector, 

3-73. Let's refer back to the FM quadra- 
ture detector (figure 3-11). Remember that 
the phase of the signals present at the grids 
causes amplitude variations in the output 
of the filter. A quadrature detector for 
phase modulation is the same with the 
exception of the signal source for the quad- 
rature grid. Refer to figure 3-12. The 
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Figure 3-12. Phase (Quadrature) Detector 



quadrature grid signal is NOT provided by a 
space-charge-excited tank circuit, but is 
excited by a reference from the transmitter, 
which may be a sample of the unmodulated 
master oscillator signal. 



3-74. The modulated waveform is then 
applied to the limiter grid and the com* 
bined output is a series of pulses which 
vary in width with the phase of the 
modulation. 



si 
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Chapter 4 



TRANSMISSION LINES 



4-1, In many electronic systems, such as 
radio communications, radar, computers, or 
nav-aids, it is necessary to send electrical 
impulses or signals from one part of the 
system to another. The device through which 
these signals pass is called a transmission 
line. By definition, a transmission line is: 
(1) a material structure forming a con* 
tinuous path from one place to another, and 
used for directing the transmission of elec- 
tromagnetic energy along this path; (2) a 
conductor or series of conductors used to 
carry energy from a source to a load. All 
of us are familiar with transmission lines 
and may not realize it. The AC line cord on 
your radio, television, or other electrical 
appliance is a transmission line. The lead 
between a television set and its antenna or 
the lead on a telephone are transmission 
lines. The purpose of this chapter is to 
provide you with the basic facts and princi- 
ples of transmission lines and their use. 

4-2. Transmission Line Losses. 

4-3, As stated previously, a transmission 
line is a conductor or series of conductors 
used to carry electrical energy from a 
source to a load. This electrical energy is 
primarily in the form of RF energy and we 
normally desire maximum transfer with 
minimum loss. Losses do occur and are 
due to resistive, inductive, and capacitive 
properties of the line, 

4-4. Resistive Loss. 

4-5. The ideal transmission line is one 
that has a no-power loss. This of course 
is a theoretical situation since, any time a 
conductor transfers energy, there is apower 
loss due to the resistance of the conductor. 
The power loss in a short line may be 
negligible. In lines of considerable length, 
however, the power loss due to resistance 
becomes considerable. This is called COP- 
PER LOSS or I 2 R loss. 



4*6, Another loss, called SKIN EFFECT, 
is a tendency for high frequency currents 
to flow near the outer surface of the con- 
ductor. The higher frequencies increase the 
change in magnetic flux surrounding each 
moving electron. This changing flux in- 
duces a CEMF, which is in opposition to 
electron flow. Electrons at the center of the 
conductor encounter the greatest opposition, 
and flow more easily on the skin of the wire. 
The increased Opposition at the center of the 
conductor effectively reduces the cross- 
sectional area of the conductor. You may 
find that some high-frequency conductors 
are hollow (because of the high opposition 
at the center of the conductor); this saves 
material and reduces weight. 

4-7. Skin effect is directly proportional 
to frequency. The greater the frequency, 
the greater the CEMF and resulting skin 
effect. 

4-6. Energy losses due to skin effect are 
dissipated in the form of heat. Thus, skin 
effect loss is considered a resistance (or 
I R) loss, also called copper loss. Power 
loss due to skin effect can be reduced by 
increasing the diameter of the conductor 
(more SKIN available), 

4-9. Radiation and Induction Losses. 

4-10. When a transmission line is used to 
transfer high frequency energy, there are 
additional losses to be considered. These 
losses are a major factor in determining 
the type of line used for a particular 
application, 

i 

4-11. Up to this point we have considered 
the movement of energy along a wire as 
being the movement of electrons. This is, 
of course, a true and natural assumption. 
However, there is another factor which must 
be considered. This is the movement of 
electromagnetic waves that are guided by 
the transmission line. These electromag- 
netic waves are composed of two ingredients, 



4-1 



S2 



the electric (E) field and the magnetic (H) 
field. The electric field is associated with 
the voltage on the line and the magnetic 
field is associated with the current flow 
through the line. These two fields always 
exist perpendicular to each other and to 
the direction of travel, and neither can 
exist without the other* 

4-12- A perfect inductor (containing zero 
resistance) converts the energy from a 
source into potential energy during current 
rise, and the same amount of potential 
energy is converted back into kinetic energy 
during current-decay. Likewise, a perfect 
capacitor returns all the energy stored 
during voltage rise to the circuit during 
voltage decay* 

4-13* When the current is varying, parti- 
cularly at frequencies of 20 kHz and 
greater, a number ol the expanding flux lines 
never return to the coil* Expanding and 
collapsing the flux field at even faster rates 
tends to increase the number of flux lines 
which never return to the inductor. In such 
cases, a portion of the electric energy which 
was converted into stored or potential 
energy, also, never returns to the circuit. 
The source will see this loss, which is 
called RADIATION LOSS, as a resistance 
in addition to the copper losses of the trans- 
mission line. Even though it is not a resis- 
tive loss, radiation losses are a direct 
function ol frequency, 

4-14. Radiation losses are desirable in the 
antenna, but undesirable in a transmission 
line. 

4-15. Another loss due to the electromag- 
netic field along the transmission line is 
caused by induction. The expanding and 
collapsing magnetic fielr* induce a voltage 
and current into conducung surlaces near 
the transmission line. This causes a power 
loss called INDUCTION LOSS, One method 
of reducing this loss is commonly used on 
television antenna masts. A STANDOFF 
INSULATOR is u.,*d to prevent the lead-in 
from coming close to the metal mast, 
SHIELDED conductors also reduce induction 



and radiation losses. Shielding is a metal 
housing around the conductor to prevent 
interaction with other circuits. Shielding 
prevents external signals from being in- 
duced into the transmission line, causing 
interference. 

4-16. Capacitive Losses* 

4-17, Insulation of a two-wire transmis- 
sion line is the dielectric for the capacitance 
of the line. As the capacitor charges and 
discharges, orbits of electrons in the 
dielectric material are continuously chang- 
ing. This causes heat dissipation in the 
dielectric. This type of energy loss, called 
DIELECTRIC LOSS, which APPEARS as a 
resistive loss to the power source, in- 
creases with frequency. 

4. 18, Transmission lines with an air 
dielectric have a very low dielectric loss 
when compared to those which use a poly- 
ethylene plastic material. Because no in- 
sulation is perfect, some electrons move 
through the dielectric as LEAKAGE current. 
Leakage losses are held to a minimum 
through use of very high resistance dielec- 
tric- Losses caused by leakage generate 
heat which, to the power source, is another 
resistive loss. Some ceramics and mica 
have a higher resistance and thus, have less 
leakage loss than air, 

4-19, Types of Transmission Lines, 

4-20, There are several types of transmis- 
sion lines and many variations of each type. 
Each job to be performed will determine the 
type or variations to be incorporated. Some 
of the factors that may be considered in 
selecting a given type of line are cost, 
breakdown voltage, power loss at the re- 
quired frequency, characteristic impedance, 
stability of the dielectric, flexibility, bulk, 
balance, and electrical constants. These 
factors cannot be listed in any order of 
importance because any one of them might 
be the determining factor in a given case. 
Figure 4-1 shows the basic types of trans- 
mission lines. 
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Figure 4-1* Basic Types of Transmission Lines 



4-21, Twisted Pair* 

4-22, The twisted pair line is constructed 
of two insulated conductors twisted together 
to form a flexible line* It is one of the 
simplest and cheapest to build, and is com- 
monly used for telephone circuits, audio 
connections in radio, small household appli- 
ances* and other low frequency purposes. 
The close spacing of conductors reduces 
radiation loss, and the twisting of the wires 
equalizes the effects of stray fields on both 
conductors as well as reduces the induction 
loss to nearby circuits. This type of line is 
not used for high frequency transmission 
because of the high dielectric loss. It has 
neither the high breadkdown voltage nor high 
conductivity required to handle large amounts 
of power- Its best use is for low voltage and 
low frequency transmission. 

4-23, Twin Lead, 

4-24. The twin lead line consists of two 
conductors molded into the edges of a poly- 
ehtylene plastic ribbon. Installation of this 



type line is simplified because of its flexi- 
bility. The plastic is solid enough to main- 
tain a constant distance between the two 
conductors, yet bends around corners* The 
twin lead is commonly used as the lead-in 
from the antenna to the television receiver* 
It is not suitable for a high power transmis- 
sion because of the small size of the con- 
ductors and the narrow spacing between the 
conductors. The twin lead line can be used 
for frequencies up to approximately 200 
MHz. The major loss is dielectric loss. 

4-25. Qpen Two-Wire* 

4-26, The open two-wire transmission line 
consists of two conductors which are kept 
the same distance from each other by means 
of spacers or spreaders* The distance be- 
tween the two conductors is approximately 
one -tenth of a wavelength or less at the 
operating frequency* The actual distance 
between the two conductors will depend on 
the: 

1 . Frequency of the energy being 
transmitted. 
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2, Characteristic impedance required. 

3. Diameter of the conductors. 

The open two-wire line is used for fre- 
quencies up to approximately 200 MHz. 
When used at frequencies higher than 200 
MHz T the power losses are too great to be 
practical. The major power loss is a result 
of radiation. 

4-27. Flexible Coaxial Cable. 

4-28, The flexible coaxial cable transmis- 
sion line consists of an inner conductor of 
solid or stranded wire, and an outer con* 
centric conductor of braided wires. The con- 
ductors are separated from each other by 
polyethylene plastic or other similar insulat- 
ing material. This type line is capable of 
transferring large quantities of power at 
high frequencies with minimum losses. There 
is very little radiation loss from this type of 
line because the outer conductor shields the 
inner conductor and confines the radiation 
to the space between the two conductors. 
The major power losses are due to the 
dielectric and skin effect. The flexible co- 
axial cable is commonly used in television, 
microwave radio, and radar. 

4-29. Rigid Coaxial Cable. 

4-30. Rigid coaxial cable transmission line 
consists of a center conductor placed inside 
of a rig.d metal tube that functions as the 
outer shield. 

4-31, One type has the center conductor 
fixed along the central axis of the outer tube 
by means of disk-shaped spacers. The insul- 
ating disks are polyethylene plastic or simi- 
lar types of material. Another type of rigid 
coaxial cable is constructed with an air 
dielectric. The center conductor is sup- 
ported by metallic insulators which are 
quarter-wave sections of coaxial line. The 
space inside the line is often pressurized to 
eliminate moisture. Quarter-wave metallic 
insulators make this line useful only at the 
designed frequencies. 

4-32. Rigid coaxial cable transmission 
line is used primarily for high power at 
frequencies up to 3 GHz. This type line has 



very little radiation loss because the energy 
is confined between the two conductors. The 
major power loss is due to copper loss. 

4-33. Transmission Line Characteristics. 

4-34. Transmission lines are basically 
two conductors in parallel and thus, can 
produce some value of inductance and 
capacitance. Exactly how much inductance 
and capacitance a line has is dependent 
upon its construction. The amount of capaci- 
tance is primarily determined by the size 
of the conductors, the space between them, 
plus the dielectric material. These induct* 
ance and capacitance values that are pres- 
ent in all transmission lines affect the 
signal applied to the line. 

4-35. Characteristic Impedance. 

4-36. Impedance is*of course* the oppo- 
sition to the flux of alternating current. 
Characteristic impedance is the opposition 
to alternating current due to the induct- 
ance and capacitance of the line. Charac- 
teristic impedance is commonly called"Z 0 ". 

4-37. Figure 4-2 shows how 2 G is de- 
veloped in a transmission line. A battery, 
switch, and ammeter are connected to an 
infinitely long line, with its series inductance 
and shunt capacitance. When the switch is 
closed and the DC voltage is applied to the 
line T current flows and a field builds up 
around a unit section of inductance (LI), 
and the unit section of distributed capaci- 
tance (CI) begins to charge. As the charge 
on CI approaches a full charge, C2 begins 
to charge through L2; the current through 
ammeter A will remain constant. Current 
continues to ilow through the inductance to 
charge the capacitance on down the line. 
Since the line is infinitely long, there will 
always be capacitance to be charged, and 
current will continue flowing into the line. 
Therefore, the line will have the same effect 
on the battery as a fixed resistance of a 
specific value which is caned the CHAR- 
ACTERISTIC IMPEDANCE (Zo) of the line. 
Since Z 0 of a line is determined by the 
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Figure 4-2* Development of Z 
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series inductance and shunt capacitance of 
the line, the value of Z 0 does not change when 
you shorten the line 
of any unit length section of the line 



The Z 0 is characteristic 



4*38* A definition of characteristic imped- 
ance is the impedance of a transmission line 
which would be measured if that line were 
uniform in all respects throughout its infi- 
nitely long length* Factors that change the Z 0 
of a line include the cross-sectional area of 
the conductors and the spacing between them* 
Disregarding resistance, we can say that 
values of L and C determine Z 0 * This is true 
whether we are talking about a real or 
artificial transmission line* The L and C 
values are identical for the same unit 
length* The actual L and C (lumped) com- 
ponents of artificial transmission lines 
usually simulate very long lines* 

4-39, Characteristic impedance may be 
calculated by using the formula: 



2 x 10 
5 x 10" 



"\/*4 x 10 £ 



= V4 x 10 8 



2 x 10 or 20 k ohms 



4-41. Another example: LI is 5 milli- 

henrys and CI is 2 microfarads; solve for 

Z as follows: 
o 



-v 



L/C 



5 x 10 
2 x 10" 



-V 



2.5 x 10 



V 



25 x 10 or 50 ohms 



Figure 4-3 shows a transmission line of 
unknown length with inductors and capaci- 
tors to represent the distributed inductance 
and capacitance* In computing Z Qt we con- 
sider th<> total inductance and capacitance 
of one section only. The reason is that the 
inductance and capacitance are evenly dis- 
tributed along the lines and do not change 
when some portion is removed from the 
line. 

4-40* If LI is 2 millihenrys and CI is 5 
picofarads, we can solve for Z 0 as follows: 
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Figure 4-3* Computing Z 
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4-42. Cutoff Frequency. 

4-43. Cutoff frequency is the highest fre- 
quency that will pass down the Line* Each 
Line does have series inductance and shunt 
capacitance therefore, the values of induc- 
tive and capacitive reactance will change 
if the applied signal frequency is changed* 
Recall that the Line will possess a certain 
value of inductance and capacitance due 
to its construction. Thus, if we apply a 
signal at some frequency to the line, then 
we will have some value of Xl and Xq pro- 
duced- If we, then, inciease the frequency 
of the signal* the value of will increase 
and Xq will decrease. 

4-44. Refer to figure 4-3 and visualize the 
signal as moving from left (generator) to 
the right (load)* If the value of X L is small 
and X£ is large, then the signal will in fact 
move from source to load. If, however, the 
value of X L is large and X c is small, then, 
the signal would be developed across the 
series inductance and shunted across the 
line by the capacitance and it would not pass 
along the line. The frequency at which this 
occurs, and the line becomes unstable, is 
called the cutoff frequency. 

4-45* Length of Line. 

4-46* All transmission lines are measured 
in physical length and electrical length. The 
physical length of the line is measured in 
units of linear measure, such as meters. 
Electrical length, on the other hand, is a 
comparison of physical length and wave* 
length, symbolized by lambda (^). Wave- 
length is usually expressed in meters or 
centimeters. Figure 4-4 shows how far 
energy travels down the line as the genera* 
tor puts out one cycle. The distance traveler 
is one wavelength. The transmission line 
shown is several wavelengths long; other 
lines may be only a fraction of a wavelength 
long. 

4^47. Energy travels down a transmission 
line at a speed slightly less than the speed 
of light (300,000 kilometers or 166,000 
miles per second). 
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Figure 4-4. One Cycle - One Wavelength 



4-46. Velocity Factors. 

4-49. We commonly consider the speed of 
RF energy as the same as the speed of 
light. This is true with reference to its 
speed in free space. However, RF signals 
are delayed as they pass through a trans- 
mission line; this delay is caused by the 
series inductance and shunt capacitance of 
the line. Since this is true, then the RF 
signals in the line must move slower than 
the speed of light. 

4-50. In order to accurately measure the 
electrical length of a transmission line, we 
must consider the decrease in signal speed 
through the line. We do this by measuring 
the speed and the energy through a specific 
line and comparing it with the speed of light. 
The ratio between the two is called the 
VELOCITY FACTOR (K) for that specific 
line. Velocity factor can be expressed in 
formula form as: 

K _ Speed of energy through a line 
Speed of light 

4-51. The velocity factnr will vary from 
line to line and even between lines of the 
same type. We can see the reason for this 
by observing the factors that control the 
speed of energy through the line. We know 
that the time delay of a line is determined 
by the amount of series inductance and 
shunt capacitance of a specific line. As the 
signal charges the shunt capacitance through 
the series inductance, the energy is delayed 
or slowed down as it passes throu gh th e 
unit lengths of the line (T d * N ^~LC). 

Increasing or decreasing the diameter of 
the conductors will vary the amount of 
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inductance and, therefore, the speed of the 
energy down the line. Also, changing the 
spacing between the lines will change the 
shunt capacitance and, therefore, the speed 
of energy down the line, 

4-52. The transmission line with the high- 
est velocity factor is the open two-wire 
line. This type allows energy to pass approx- 
imately 97% as fast as the speed of light. 
The slowest speed is through a twisted pair 
line with rubber insulation. The speed of 
this type line is approximately 60% as fast 
as the speed of light. All other types permit 
energy to pass between 60% and 97% as fast 
as the speed of light. If the frequency and 
velocity are known, the distance the energy 
travels in one cycle can be calculated by 
the following formula: 



Wavelength (A) = 



Velocity 
Frequency 



4-53. The velocity can be determined by 
multiplying the Velocity Factor (K) ( for the 
type of line to be used, times the speed of 
light. Remember that the velocity factor for 
the line concerned must be used to calculate 
wavelength accurately. The calculations that 
follow assume a velocity factor of 100%. 



4-57. The electrical length of a transmis- 
sion line is expressed as the number of 
wavelengths znd/or factions thereof, on a 
given physical length of line. The frequency 
of the energy applied to the line will deter- 
mine whether the line is electrically long or 
electrically short, Electrical length is com- 
puted by the following formula: 



Electrical length _ Physical Length 
(In wavelengths) " Wavelength 



4- 58 . Figure 4- 5 shows a transmission 
line that is physically 10 meters long with 
an applied frequency of 60 MHz. The wave- 
length of this frequency is: 



(meters) 



300 (speed of light in meters) 
(freq of generator in MHz) 



5 meters 



4-59. Therefore, the electrical length of 
the transmission line is: 



4-54. To obtain transmission line lengths 
in meters, we must use the speed of light 
expressed in meters; this is 300,000,000 
meters per second. The wavelength formula, 
therefore, becomes: 



Wavelength (in meters) 



300,000,000 
Frequency (Hz) 



4-55. Observe thatasthefrequencychanges, 
the wavelength also changes. Wavelength 
varies inversely with frequency; the higher 
the frequency, the shorter the wavelength. 

4.56. To work with high frequency trans- 
mission lines, convert the formula to a more 
convenient form as follows: 



Electrical length 



10 meters (physical length) 
5 meters (freq wavelength) 



Electrical length = 2 wavelengths 




60 MHi 



l*-10 METERS— *J 
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300 



Wavelength (A) = Fre(l (MHz) 



Figure 4-5. Electrical Length, 
Two Wavelengths 
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Figure 4-6* Electrical Length 
Five Wavelengths 



4*60, If we increase the frequency of the 
energy applied to this 10 meter line, what 
happens to the electrical length? Figure 4-6 
shows a 10-meter line with an applied fre- 
quency of 150 MHz. The wavelength for thi3 
frequency is; 



(meters) - 



300 
150 



j\ = 2 meters 

Therefore, the electrical length of the 10* 
meter line is 

♦ . . 10 meters 

Electrical length = 2 meters 



= 5 wavelengths 

4-61. We can now say that this line, with a 
physical length of 10 meters, has an electri- 
cal length of 2 wavelengths at 60 MHz and 5 
wavelengths at 150 MHz. We can also say 
that if the physical length remains constant 
and frequency increases, the electrical length 
increases. And vice versa: as frequency 
decreases on a given transmission line, 
electrical length decreases. 

4-62. Nonresonant Lines* 

4-63. A NONRE SONANT transmission line 
is a transmission line having no REFLEC- 
TED waves and no STANDING waves. An 
infinitely long line is a non-resonant trans- 
mission line. If a transmission line is 
terminated i:i a load of the same resistive 
value as its characteristic impedance, all of 



VOLTAGE 




INFINITE LINE 
A 




100 OHMS 
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Figure 4-7* Two Nonresonant Lines 



the energy transferred down the line is 
absorbed by the load resistance. This line 
will have no REFLECTED voltage, so it is a 
nonresonant line. The voltage and current 
waves are In phase as they move from the 
source to the load, and are called INCIDENT 
waves. Figure 4*7 shows two nonresonant 
transmission lines. Since all of the energy 
is absorbed by the load, none is left to be 
reflected back toward the source. Thus, 
nonresonant lines are often referred to as 
FLAT lines* This term is sometimes used 
to differentiate between nonresonant and 
resonant transmission lines, 

4-64. Ra sonant Lines. 

4-65. Transmission lines are often termi- 
nated in a load impedance other than the Z 0 
of the line. This may be either intentional 
or unavoidable. When the impedance of the 
load differs from the Z G of the line, the 
transmission line is MISMATCHED. When 
there is a mismatch of impedance between 
the line and load, part of the energy will 
be reflected back toward the source. These 
are called REFLECTED waves. The amount 
of mismatch determines the amount of re- 
flected energy; the greater the mismatch, 



4*8 
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the greater the reflected energy. Energy 
moving on the line as incident or reflected 
waves are called TRAVELING waves. 



4-66. Any type impedance termination other 
than Z 0 will cause reflected waves to occur 
on the Lines. We will discuss the special 
terminations shown in figure 4-6. 



a. Open. 

b. Short. 

c. Capacitive 




INCIDENT VOLTAGE 
WAVE 

"° REFLECTED VOLTAGE 
WAVE 

OPEN 
TERMINATION 



d. 
e. 



Inductive 



Resistance less than Z (approach- 
ing a short) . 

f. Resistance greater thanZ approach- 
ing an oper). 0 



Figure 4-9. Reflected Voltage from 
Qpen Termination 



4-67. Regardless of the termination, if 
there is reflected energy on the line, the 
line is resonant. The reflected energy repre- 
sents a loss in signal energy. 



A* 

(5> 



A* OPEN TERMINATION 



B; SHORTED TERMINATION 



CfCAPAClTIVE TERMINATION § 



D- INDUCTIVE TERMINATION 



KO Z 0 = 100 OHMS 



50 OHMS 



E. Z Q GREATER THAN R L 



Z 0 ~- SO OHMS 



100 OHMS 



fv Z 0 LESS THAN R L 
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Figure 4-8. Various Terminations 



4-68. Open Termination. 

4-69. On a transmission line with an open 
termination, the wave is reflected back to 
the source. Figure 4-9 shows incident and 
reflected voltage waveforms. Observe that 
the two waves are in phase, at the open 
termination. 

4-70. Figure 4-10 shows t^e development 
of a standing wave of voltag^, Assume, at a 
given point in time, a positive alternation 
of voltage is fed to the line. The incident 
wave travels the length of the line, en- 
counters an open, and reflects back to the 
source. Observe that the incident wave 
(heavy line) and reflected wave (dotted line)^ 
are in phase. At the next half cycle, the 
negative alternation incident wave (solid 
line), travels down the line to the open end 
and reflects back (dotted line) in phase. 
Remember* the positive- and negative-going 
incident waves (as shown in this diagram) 
are occurring in two different time periods. 
Actually, the voltage is being constantly 
generated and fed at an alternating rate into 
the transmission line. Each alternation will 
produce voltage reflections back toward the 
source. Figure 4-10 shows a STANDING 
WAVE of voltage, maximum at the open end 
and at half-wavelengths back; that is, X /2 
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Figure 4-10. Development of 
Standing Wave of Voltages 



from the end and one X * rom * e endi The 
standing wave of voltage will be minimum 
at odd quarter -wavelengths from the open 
end; that is, /4, 3 X /4 from the open end 
and 5 A /4 from the open end. The maximum 
voltage points are called voltage LOOPS. 

4-71. The standing wave does not move 
along the line since it is the sum of the 
incident and reflected waves. The position 
of the standing wave will change along the 
line only if the frequency of the input signal 
or the line termination changes. 

4-72. Up to this point, we have talked 
about only the standing wave of voltage, yet 
we know that the voltage and current are in 
phase as they move from the generator 
toward the end of the line. On reaching the 
end of the line, the incident wave finds the 
open termination as shown in figure 4-11. 
Since current cannot flow through an open, 
the open will always have minimum current 
and the voltage will always be maximum. 
Reflected current is 180* out of phase with 
the incident wave of current, while the re- 
flected wave of voltage is in phase with the 
voltage incident waves. 



INCIDENT VOLTAGE & CURRENT 
WAVE IN PHASE 




OF PHASE PHASE 
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Figure 4-11. Reflected Voltage and 
Current from an Open Termination 



4-73. Figure 4-12 shows the development 
of a standing wave of current. The heavy 
black line shows the incident current wave 
as it travels down the line. At the open end* 
current is reflected back 180 s out of phase 
as indicated by the heavy dotted line. On the 
next alternation of the generator the inci- 
dent wave is of opposite polarity and travels 
down the line as shown by the solid thin line. 
At the termination, current is again reflected 
180* * ■' of phase and moves back toward 
the source. Each alternation of the genera- 
tor produces another incident wave, and 
each incident wave is reflected in the same 
manner. A standing wave is the sum of the 
incident and reflected waves. At the open 
termination, there is always a point of 
minimum current or CURRENT NODE* one- 
quarter wavelength back there is a point of 
maximum current or CURRENT LOOP. 
One-half wavelength ( back is another 

current node* Notice in figure 4-12 that the 
standing waves of current and voltage are 
90* out of phase with each other. This phase 
relationship will always exist, regardless 
of the type of termination, as long as there 
is an impedance mismatch between the line 
and the load. 

4-74. Shorted Termination. 

4-75. A line terminated in a short also 
causes reflections. We know that voltage 
across a short is minimum and that current 
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Figure 4-12* Development of Standing 
Wave of Current 



through a short is maximum. Since voltage 
and current are In phase as the incident 
wave reaches the termination, a phase shift 
takes place* With a shorted termination, 
voltage is reflected 180° out of phase and 
current is reflected in phase with the inci- 
dent wave* The resulting standing waves 
axe shown in figure 4-13* Notice at the 
shorted termination that the standing wave 
of current is maximum and the standing wave 
of voltage is minimum* Notice also that one- 
quarter wavelength back from the short is a 
current node and a voltage loop* One-half 
wavelength back from the termination is a 
current loop and a voltage node. 
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Figure 4-13. Standing Waves from 
Shorted Termination 





ATVWVe 




£ - INCREASING 
k 1 = DECREASING 
0 1 LEADING E = X C " 


" X C 









REP4-1943 



Figure 4-14* Capacitlve Reactance 
Termination 



4*76* Capacitive Termination* 

4-77. When a transmission line is termi- 
nated in a reactance, the load is capable of 
storing energy during some parts of the 
input cycle and releasing energy at other 
times during the cycle. The termination 
produces a phase difference between reflec- 
ted current and voltage* 

4-78* Figure 4*14 shows a line with a 
capacitive termination. The type of react- 
ance at the termination can be determined 
by observing the relationship between the 
standing waves of current and voltage at the 
termination* As shown in figure 4*14, the 
standing wave of current at the termination 
has been maximum and is declining, while 
voltage has been minimum and is increas- 
ing* Therefore, current is leading the volt* 
age, which is characteristic of capacitive 
reactance. 

4-79, Inductive Termination* 

4-60* Figure 4-15 shows the standing waves 
on a line that has an inductive termination. 
By observing the relationship between the 
current and the voltage waves, we can 
identify this termination as inductive. Notice 
that current at the termination has been 
minimum and is increasing and voltage has 
been maximum and is decreasing at the 
termination. Therefore, voltage is leading 
current, which is characteristic of inductive 
reactance. 
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Figure 4-15. Inductive Reactance 
Termination 



the Line has a resistive termination. There- 
i' Tt* t the standing waves appeal the same as 
for an open termination, except that they are 
raised above the reference line. 

4-84. Figure 4-17 shows a transmission 
Line terminated in a resistance that is Less 
than the characteristic impedance of the 
Line. Again, the standing waves are drawn 
above the line, but this time the current is 
maximum and the voltage minimum. The 
standing waves appear the same as lor a 
shorted termination when Rl is some value 
Less than the characteristic impedance of 
the Line, 



4-81. Resistive Terminations. 



4-85. Varying Line Impedance. 



4-62. When a line is terminated in its char- 
acteristic impedance (Z 0 )> al1 the energy 
fed down the Line is absorbed by the Load and 
none is reflected back. Now, let's see what 
happens if the load resistance Is smaller or 
larger than the Z 0 of the line* In either case, 
there will be a mismatch of impedance, 
which causes reflections and creates stand- 
ing waves. 

4-83. Figure 4-L6 shows a transmission 
Line with a resistive termination greater than 
the Z 0 of the line. Notice how the standing 
waves are presented graphically. They are 
drawn above the Line to indicate that the Load 
resistance is Larger than the Z 0 of the Line, 
approaching an open. You will also notice 
that voltage is maximum and current is 
minimum at the termination to indicate that 



4-86. We have discussed live types of 
transmission line termination - the open, 
short, capacitance, inductive, and resistive 
terminations. Each of these can be identified 
by the relationship of standing waves of 
current and voltage at the termination. Fig- 
ure 4-18 is a transmission line terminated 
in an open. We know this is an open because 
the standing wave of voltage is maximum 
and the standing wave of current is mini- 
mum at the termination. This is the same 
relationship between voltage and current 
that is found across a parallel resonant tank 
circuit, so this symbol is placed at that 
point. One-eighth of a wavelength back from 
the termination current is decreasing and 
voltage is increasing* Thus* current is lead- 
ing voltage, symbolized by a capacitor* One* 
quarter of a wavelength from the termination, 




Figure 4-16. Resistive Termination, 
Rl Greater than Z u 



Figure 4-17* Resistive Termination 
Less than Z n 
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Figure 4-18. Line Terminations Symbolized by Circuit Terminations 



current is maximum and voltage is mini- 
mum. This is the condition found atashorted 
termination and also across a series reso- 
nant circuit. At three-eighths of a wave- 
length back from the termination, the volt- 
age is decreasing and current is increasing, 
symbolized by an inductor. One-half of a 
wavelength away from the termination, we 
again find that voltage is maximum and 
current is minimum. These are* again, the 
standing wave relationships that indicate an 
open. Therefore, we can say that one- 
quarter wavelength back from an open is a 
short, and one-half wavelength from anV 
termination we will find the same standing 
wave condition as the termination. 



4-87. Figure 4-19 shows the distribution 
of impedance along the resonant transmis- 
sion line. The open end has maximum im- 
pedance of a + parallel resonant tank or open 
circuit. One-quarter wavelength back from 



the open end is a short circuit or series 
resonant circuit with minimum impedance. 
Now, we can construct the impedance curve 
from maximum at the open points along the 



Z ZZ Z 




A 3*/4 A/2 A/4 0 



Figure 4-19, Distribution of Impedance 
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Line to minimum impedance at the shorted 
points. At the maximum impedance points a 
large R is shown, and at the minimum 
points a small R is shown. As the impedance 
curve increases from minimum to maximum, 
Xq is shown increasing in size to the maxi- 
mum point. As the impedance decreases 
from maximum to minimum, Xl is shown 
decreasing to minimum. These are the im- 
pedances that are found along a line with an 
open termination. Figure 4-20 shows the 
impedance points on an open ended line 
which is varied in length. In this illustra- 
tion, you can see that the various impedance 
points will not change (with respect to the 
end of the line) as the line is made longer 
or shorter. The generator will see the dif- 
ferent impedance values, depending upon 
line length; the impedance points remain 
stationary. This can be summarized by say- 
ing the relationship between standing waves 
of current and voltage at the termination will 
indicate (1) the type of termination on a line 
and (2) the impedance at points along the 
line. The length of the line determines the 
impedance at the generator. 



E Max I Max 
SW = -— - or 



E Min 



I Min 



4-92, Regardless of which formula is used* 
the standing wave ratio will be the same 
on a given transmission line. 



4-88, Standing Wave Ratio. 

4-89. Keep in mind that the purpose of a 
transmission line is to transfer electrical 
energy from a source to a load. If a mis- 
match of impedance produces standing waves 
due to reflected energy, some of the source 
energy is not used by the load. Therefore, 
standing waves represent a loss in power 
and are undesirable on a transmission line. 
Now, let's see how we can monitor and 
measure the standing waves on a line. 

4-90. Standing waves are measured by 
determining the maximum and minimum 
voltage or current present and comparing 
them to establish a ratio. Another method 
that may be used compares the values of 
the characteristic impedance of the line with 
the load resistance. In either case* aSTAND- 
ING WAVE RATIO is established, known 
as SWR, 

4-91. The first method described is ex- 
pressed by the following formula: 




Figure 4-20. Impedance at Points 
on an Open-Ended Line 
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4-03, The other method can be used as 
follows; 

R Z 

SWR - -r— or — (the larger value is 
o L placed on top) 

For example; 

m = ~ = Too = 3:1 

o 

mm Z o 600 0 - 

Li 

4-94. As Z 0 andRL come closer in value, 
the standing waves become smaller. When 
Z 0 and Rl reach the same value, there 
are no standing waves developed and the 
line becomes nonresonant. 



wavelength sections actually serve as step- 
up or step-down transformers, such as those 
commonly used in low-frequency circuits, 

4-99, Figure 4-22 shows a quarter- 
wavelength matching transformer connect* 
ing a line to a load and its equivalent cir- 
cuit. This illustration shows the Z Q of the 
line as 1000 ohms and the R^ as 250 ohms. 
The problem is to find a quarter- wavelength 
section with the characteristic impedance 
that will correctly match Z Q to Rl* Z± for 
explanation purposes is the characteristic 
impedance of a transmission line used as 
a matching transformer. The formula and 
processes are as follows; 



z. = yz X R T 

t v o L 
= VlOOO x 250 = V25 0,000 
Z. = 500 ohms 



4-95. Uses of Transmission Lines. 

4-96. A nonresonant transmission line is a 
line which has no standing wave; or in other 
words all of the energy traveling down the 
line is transferred to the load. That is the 
use of a nonresonant line, to transfer RF 
energy from its source to the load. If a 
resonant transmission line does have stand- 
ing waves and various amounts of imped- 
ance distributed along its length, it is well 
suited as an impedance matching device. 
Figure 4-21 shows a varying impedance 
along a one-quarter wavelength section of a 
shorted transmission line. At the shorted 
end the current is high, the voltage is low, 
and the impedance is low. One-quarter 
wavelength back from the shorted end, the 
conditions are reversed. The current is 
low, the voltage is high, and impedance is 
high. Using this quarter* wavelength section, 
it is possible to match almost any impedance. 

4-97. Matching Transformers. 



4-100. Therefore, a quarter -wavelength of 
line having a characteristic impedance of 
500 ohms will match the 1 GOG -ohm line to 




A 




B 



4-98. Sections of transmission line can be 

used to match the characteristic impedance Figure 4-21. Impedance Along a 

of the line to that of the load. Quarter- Quarter-Wave Line 
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Figure 4-22, Quarter-Wave Matching Transformer 



the 250-ohm load. One other step is still 
necessary. We must determine the length 
of the quarter-wave section of the 500-ohm 
line. For this we use the frequency of 300 
MHz to determine a wavelength, using the 
following calculation: 



(meters) 



(meters) = 



300 



F (MHz) 



300 
300 



= 1 Meter or 100 cm 

A /4 s 25 centimeters 

4-101. Therefore, the quarter-Wave trans- 
former section will be a piece of 500 ohm 
transmission line 25 cm long. This matching 
section will function similarly to a st^pdown 
transformer, matching a primary impedance 
of 250 ohms. 

4-102. Delta Matching. 

4-103. Another method of accomplishing 
maximum transfer of power from a trans- 
mission line to a load is by use of a delta 
match. Figure 4-23 illustrates a delta match 
between a transmission line connected to a 
source (transmitter) and a load (antenna). 
The center (input) impedance of a dipole 



antenna is approximately 73 ohms and in- 
creases to approximately 2500 ohms at the 
ends. The purpose of the delta match is to 
match the transmission line impedance to 
the input impedance of the antenna. 

4-104. A delta match is accomplished by 
gradually spreading apart the two wires of 
twin lead or open two wire* This spreading 
gradually increases the impedance of the 
line. Increasing tne impedance gradually 
does not produce a Large discontinuity on 
the line, therefor*, the amount of reflected 
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Figure 4-23. Delta Matching 
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energy is smalL However, an Ujrupt change 
in distance between the coiu'u^tors would 
Cause discontinuity and a larger amount 
oi reflected energy. Two points can be 
found on the antenna where the impedance 
equals the output impedance of the trans- 
mission line. If the line i.*> connected to the 
antenna at that point the maximum transfer 
of energy can be accomplished. 

4-105. Stub Matching 

4-106. A third metnod of matching imped- 
ance from a source to a load is by stub 
matching. A stub is 1/4 wavelength section 
of r r ■".nsmitfsion line. As we have previously 
learned the impedance across a 1/ 4 section 
of line can vary from minimum impedance 
to maximum impedance. Figure 4-24 illus- 
trates a quarter wave stub connected to a 
dipole antenna. The input impedance of the 
antenna is equal to the impedance of the stub. 
The stub is terminated at its other end in 



\ A 




Figure 4,24. Stub Matching 



:.ui open, thus* standing waves and variations 
impedance are developed along the stub. 
u a transmission line of a different value of 
impedance is connected to the stub where the 
transmission line impedance equals the im- 
pedance of the tfiub, then maximum power 
transfer is accomplished. 
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ANTENNAS 



5 1. Antenna Function, 

5-2* An antenna is a conductor or set of 
conductors used to radiate electromagnetic 
energy into space or to collect electromag- 
netic energy from space* To communicate 
by radio* energy in the form of electromag- 
netic fields must be radiated into space. 

5-3. The power required to develop these 
fields is provided by the radio transmitter. 
The transmitter produces a modulated RF 
signal and the output is in the form of cur- 
rent oscillations, normally in a tank circuit. 
You must convert this current into electro- 
magnetic fields which can be radiated through 
space. This is the function of a transmitting 
antenna. The antenna can be considered to 
be a transducer because it converts energy 
in the form of current oscillations to electric 
and magnetic fields of force. These fields, 
moving through space at approximately the 
speed of light, transmit to distant locations a 
portion of the energy originally produced by 
the transmitter, 

5-4, Receiver equipment must be used to 
convert these fields back into an intelligent 
form. The receiving antenna converts the 
received fields, representing the transmitted 
intelligence, back into RF currents. This step 
is accomplished automatically by the nature 
of the receiving antenna; when the electro- 
magnetic fields traveling through space cut 
across the receiving antenna* they impress a 
voltage across the antenna* which causes an 
RF current to flow. The receiver accepts and 
amplifies the current from the antenna, de- 
modulates, and reproduces the intelligence 
signal, 

5-5, Antennas take many forms. Some 
antennas are high towers, hundreds of feet 
tall, erected on large tracts of land. Other 
antennas consist of several metal rods, per- 
haps a few inches to a few feet long, mounted 
atop towers and possibly arranged so that 
they can be rotated. Some antennas use para- 
bolic reflectors which rotate in a horizontal 



plane or vertical plan* or both* Still others 
may be inconspicuous slots cut into the skin 
of a metal cylinder or aircraft fuselage. The 
physical size, construction details and ap- 
pearance depend primarily on the final use 
to which the antenna will be put. 

5-6. Electromagnetic Waves. 

5-7, An electromagnetic wave consists of 
two primary components, an electric field 
and a magnetic field. The electric field 
results from the force of voltage and the 
magnetic field results from the How of 
current 

5-8. Normally, the electric field is repre- 
sented on an illustration by lines which are 
drawn to show the paths along which the 
electric force acts. The lines representing 
the electric field are pointed in the direction 
that a single positive charge would normally 
move under the influence of that field. Figure 
5-1 illustrates the use of lines to represent 
the electric field that exists between two 
charged elements* Electric lines of force 
are called E lines. In figure 5-1, two rods 
are charged by a source of voltage (AC 
generator). The electric field is represented 
by the E lines extending from the positively 
charged rod to the negatively charged rod. 
Electrons flowing from the generator into the 
top rod in part A of figure 5-1 or into the 
left-hand rod part B of figure 5-1 cause 
these rods to have an excess of electrons 
and they are negatively charged. At the same 
time, electrons are flowing from the bottom 
rod in part A and the right-hand rod in part 
B toward the generator, thus these rods 
have a deficiency of electrons and are posi- 
tively charged. Because of this difference of 
potential between the two rods in either part 
A or B, and electric field exists between the 
two rods, 

5-9, Now that you realize the direction of 
electron flow in the rods and the resulting E 
line placement between the rods, recall 
that the charging voltage source is an AC 
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Figure 5-1* E-Field Distribution 
Between Charged Elements 
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generator. The polarity of charges and the 
direction of the electric fields will reverse 
polarity and direction periodically at the 
frequency of the voltage source. The elec- 
tric field will build up from aero to maxi- 
mum in one direction and then collapse 
back to zero. Next, the field will build up 
to maximum in the opposite direction and 
then collapse back to zero- This complete 
reversal occurs during a single cycle of the 
source voltage. The half-wave dipole antenna 
(two separate rods in tine as illustrated in 
part B of figure 5-1) is the fundamental 
element normally used as a starting point 
of reference in any discussion concerning 
the radiation of electromagnetic energy into 
space, 

5-10, When current flows through a con- 
ductor, a magnetic field is set up in the 
area surrounding the conductor. In fact, any 
moving electric charge will create a mag- 
netic field. The magnetic field is a region 
in space where a magnetic force can be 
detected and measured. There are two other 
fields involved, an induction field exists 
about the conductor carrying the current and 
another field, called the radiation field, which 
becomes detached from the current carrying 
rod and travels throv^h space, 

5*11. To represent the magneticfield, lines 
of force are again used to illustrate the 
energy. Magnetic lines are not drawn between 




the rods* nor between a high and low- 
potential points as were the E lines. Mag- 
netic lines are created by the flow of cur- 
rent rather than the force of voltage. The 
magnetic lines of force, therefore, are 
drawn at right angles to the direction of 
current flow. Also* as shown in figure 5-2, 
the magnetic lines of force are perpendicu- 
lar, or at right angles, to the electric lines 
of force. Magnetic lines of force are indi- 
cated by the letter H and are called H lines. 
The direction of the magnetic lines may be 
determined by use of the left hand rule. 
Point the thumb on your left hand in the 
direction of the current flow and normal 
curvature of your fingers will point in the 
direction of the H lines around the conduc- 
tor. The generator shown in figure 5-2 pro- 
vides voltage* which creates an electric 
field, and current, which creates a magnetic 
field. This source voltage and current builds 
up to maximum value in one direction during 
one half-cycle. Both the electric and mag- 
netic fields alternate from minimum through 
maximum values in synchronization with the 
changing voltage and current. 




A. Maximum Opposition 




6* Medium Opposition 



5-12, The magnetic fields which are set up 
around two parallel rods, as shown in part A 
of figure 5-3, are in maximum opposition* 
Rod 1 contains a current flowing from the 
generator, while rod 2 contains a current 
flowing towards the generator. As a result, 
the direction of the magnetic field surround- 
ing rod 1 is opposite to the direction of the 
magnetic field surrounding rod 2. This will 
cause cancellation of a part or all oi both 
magnetic fields, with a resultant decrease 
in radiation of the electromagnetic energy. 
Part B of figure 5-3 illustrates the fact that 
if the far ends of rods 1 and 2 are separated 
from each other while the rods are still con- 
nected to the generator aL the near ends, 
more space and consequently less opposition 
will occur between the magnetic fields of the 
two rods. Part C of figure 5-3 illustrates 
the fact that placing the rods in line makes 
the currents through both rods flow in the 
same direction* Therefore, the two magnetic 
fields are in the same direction and thus, 
maximum electromagnetic radiation into 
space can be obtained. 




C. Minimum Opposition 
Figure 5-3* Opposition of Magnetic Fields 
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5-13, In the foregoing discussion, the elec- 
tric and magnetic forces are at right angles 
to each other and the fields reach their 
maximum intensity a quarter-cycle apart. 
The E and H fields are 90 degrees out of 
phase in time, and the lines of force are at 
right angles to each other in space. The 
time relationship between the electric field 
and magnetic field can be understood more 
easily by an illustration showing the stand- 
ing wave on a transmission line and antenna. 
Figure 5-4 illustrates the standing waves on 
both a quarter-wave transmission line and a 
half-wave dipole antenna. Using an open- 
circuited, quarter-wave transmission line, 
it will appear as a series resonant circuit 
to the source and a parallel resonant xir- 
cuit at the end. In part A of figure 5-4, the 
voltage on the upper rod is increasing in a 
positive or upward direction while the volt- 
age on the lower rod is increasing in a 
negative or downward direction. The cur- 
rents in the two rods are in opposite direc- 
tions; therefore, the electric and magnetic 
fields are effectively cancelled. Part B of 
the figure shows that placing the quarter- 
wave rods in line forms a half-wave antenna. 
The currents through both rods are in the 
same direction and the two standing waves 
can be represented as one. As stated in 
paragraph 5-9, the half-wave dipole is the 
basic element of an antenna, 

5-14, INDUCTION AND RADIATION 
FIELDS, The previous discussion estab- 
lished the fact that when a source of power 
causes current to flow in a conductor, a 
magnetic field is created around the con- 
ductor, and an electric field is created as a 
result of the accumulation of charges on the 
conductor. As the source of power (RF gen- 
erator) changes polarity, the energy supplied 
to the conductor alternately and continuously 
changes in form. The resulting electromag- 
netic field, made up of electric and magnetic 
lines of force, is usually divided into two 
parts. The portion of the electromagnetic 
field which immediately surrounds the an- 
tenna and which collapses completely when 
the antenna voltage and current reverse is 
termed the INDUCTION FIELD, This field 
is associated with the stored energy in the 
antenna, and is mainly responsible for the 



behavior of the antenna as a tuned circuit 
element. Although th;\s field is intense in 
the immediate vicinity of the antenna, its 
strength drops off rapidly at increasing 
distances from the antenna. The induction 
field strength varies inversely as the square 
of the distance from the antenna. At one 
instant of time all of the supplied source 
generator energy is stored about the con- 
ductor (antenna) in the form of an electric 
field, and at another instant of time (one 
quarter -wavelength later) all of the supplied 
energy is stored about the conductor in the 
form of a magnetic field. These fields asso- 
ciated with the stored energy are chiefly 




A, Quarter- Wave Open Transmission Line 




B, Half-Wave Antenna 
Figure 5-4. Standing Waves 
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responsible for the behavior of the antenna 
as a resonant circuit, and are termed the 
induction field. The strength of the induc- 
tion field decreases with the square of the 
distance from the antenna. This induction 
field represents the stored energy about the 
antenna, and is responsible for the resonant 
effects the antenna reflects to the generator, 

5-15, In addition to the induction field 
surrounding the antenna, there is also a 
field called the RADIATION FIELD, which 
becomes -detached from the antenna and 
travels through space to make radio com- 
munication possible . The radiation field 
varies inversely with the distance from the 
antenna, and therefore, reachesmuchgreater 
distances than the induction field, It is this 
radiation field which is responsible for 
ELECTROMAGNETIC RADIATION. Figure 
5-5 illustrates the time phase of the induc- 
tion and radiation fields. 

5-16. As has been stated, the electromag- 
netic field consists of two parts: the induc- 
tion field immediately surrounding the an- 
tenna, and the radiation field sent into 
?pace. At a distance of a sixth-wavelength 
irom the antenna, the induction field and the 
radiation field are equal in strength (power). 
However, beyond this distance the induction 
field decreases as the square of the distance 
and rapidly disappears, while the radiation 
field decreases linearly with distance, and 
therefore, does not disappear entirely. Thus, 
it is the radiation field which is intercepted 
by receiving antennas within the range. That 
part of the electromagnetic field called the 
RADIATION FIELD induces both electric 
lines of force, which cause a build-up of 
potential (voltage) across a receiving an- 
tenna, and magnetic lines of flux* which 
cause a buildup of current within the 
antenna. 

5-17. The ease with which radiation occurs 
from a transmitting antenna varies directly 
with the source generator frequency at 
lower frequencies, such as 60 hertz. The 
antenna voltage changes so slowly that 
the component of energy radiated is ex- 
tremely small and is of no practical 



value. At higher frequencies, such as 50,000 
Hertz, the radiated energy is great enough to 
meet communication requirements. 

5*18, In the direction at right angles (per- 
pendicular) to a half-wave transmitting 
antenna, both the E -field and H-field are 
strong. In the direction toward either end 
of the antenna (off the ends), no H-field 
forms at all, and only a very small E -field 
exists. The flux density is, therefore, small 
in the direction of either antenna end. Both 
the E -field and H-field expand away from 
the antenna at the speed of light. At every 
point in space, a varying magnetic field 
induces a voltage difference in space, which 
is the electric field. This electric field 
varies with time (frequency) and causes a 
displacement of the charge in space. This 
displacement current (space charge) sets 
up a magnetic field just as electrons flowing 
through a conductor set up a magnetic field 
around that conductor. This space magnetic 
field sustains the original varying magnetic 
field. Therefore, no moving E-field can 
exist without an H-field, and no H-field can 
be propagated without an associated E-field. 
Similarly, when electromagnetic energy is 
radiated into space, no moving electrostatic 
force can exist without an associated mag- 
netic stress, and no magnetic forceinmotion 
can exist without an associated electrostatic 
stress. Each creates the other; therefore, 
neither can exist without the other. The 
antenna current associated with the trans- 
mitted field does not flow spaceward because 
no conductor exists in space; however, the 
magnetic field does exist in space. You can 
visualize a field existing without current 
flow if you think of a glass rod or other 
insulator being in the path of a moviiig 
magnetic field. An electrostatic stress volt* 
age will be induced in the rod, but current 
will not pass easily through the rod. Mag- 
netic lines move in space and set up electric 
stress voltages in the same manner* 

5*19. The concept of a moving wave front 
directed between a transmitting antenna 
and a receiving antenna is important. A radio 
wave may be described as a moving electro- 
magnetic field, having velocity in the direc- 
tion of travel, and composed of electric and 
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MAGNETIC FIELD 



A- Time Phase of E and H Components in The Radiation Field 




i MAGNETIC FIELD 




ELECTRIC FIELD 



B, Time Pha^e of E and H Components in The Induction Field 



Figure 5-5, Time Phase of E- and H- Components in The 
Induction and Radiation Fields 
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magnetic lields arranged at right aisles 
tu o:u*h uthuv. Fi^nro 5-6 shows the direc- 
tion of wave travel and the angular dis- 
placement of the E and H components of 
the electromagnetic field. The electric 
field is illustrated in an upward direction, 
while the magnetic field is illustrated as 
coming out of the paper toward you, 

5-20, Polarization. 

5-21 . A dipole radiates electromagnetic 
energy with magnetic and electric lines in 
space quadrature (perpendicular to each 
other), and both the magnetic field and 
electric field are perpendicular to their 
direction of travel (figure 5-7). Since the 
magnetic lines cause voltage to be induced 
in a conductor as the magnetic lines cut 
across the conductor, then the angle at 
which the lines cut the conductor is im- 
portant- Recall in the theory of induction, 
that a conductor moving in a magnetic 
field produces the greatest voltage in the 
wire when the field and the conductor are 
perpendicular to each other. If the con- 
ductor and the field are parallel to each 
other, there is no cutting of the lines and 
no induced voltage. In antennas, the angle 
is just as important. 



5-22. Linear Polarization. 

5-23. If a radiating antenna and a receiv- 
ing antenna are positioned so that the end of 
the dipole of the receiving antenna is pointed 
in the direction of the transmitting antenna 
(figure 5-8), little or no current will be 
induced. Likewise, when the radiating an- 
tenna and the receiving antenna are per- 
pendicular to each other, the energy will 
not exist at the proper angles and little 
voltage will be induced (figure 5-9). For 
maximum volage to be induced, the two 
antennas have to be perfectly aligned with 
each other. The transmitter antenna must 
point toward the receiver antenna and the 
receiver antenna must point toward the 
transmitter. The antennas must be polar- 
ized with each other. Polarization of the 
antenna is directly associated with wave 
propagation, in that the propagated wave 
is polarized. When the electric lines travel 
vertically to the earth (perpendicular), the 
wave is vertically polarized. A vertically 
polarized antenna transmits a vertically 
polarized wave. 

5-24. When an electromagnetic wave is 
transmitted so that its electric lines are 
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Figure 5-6. E and H Fields of a Radiated Wave 
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Figure 5-7. Electromagnetic Waveform 



horizontal to the earth (parallel), the wave 
is horizontally polarized (transmitted from a 
horizontally polarized antenna). 

5-25. If a dipole is placed so that its 
length is perpendicular to the ground, or 
so that its physical length is at right angle 
to the earth immediately beneath it, the 
antenna is vertically polarized. 

5-26. If the dipole is positioned so that 
its physical length is horizontal, that is 
parallel to the earth immediately beneath 
it, then the antenna is horizontally polarized. 
Refer to figure 5-10. 



5-27. Circular Polarization. 

5-28. In linear polarization we found that 
the transmitting and receiving antennasmust 
lie in the same plane to produce maximum 
energy transfer. Sometimes in radar, satel- 
lite communications and in radio astronomy 
the plane is not fixed and may change. This 
can cause a loss in energy transfer. To 
overcome this, circular polarization is used. 
Imagine the E field in vertical polarization 
being changed from their fixed position in 
space and rotated through 360 degrees with 
every cycle of the RF energy fed to the 
antenna. Constant amplitude electric lines 
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Figure 5-8. End of Receiving Antenna Pointing Toward Transmitting Antenna 
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Figure 5-6, Receiving Antenna Perpendicular to E-Field 
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Figure 5-10* Horizontal and Vertical Polarization 



of force are continuously changing their 
angular position as they are radiated into 
space. The resulting effect of this circular 
motion of the electric field is called cir- 
cular polarization. Figure 5-11A illustrates 
the resultant waveform with the arrows 
depicting the electric field* Figure 5-1 IB 
shows the direction of the E field at a point 
in space at various instants of time over a 
complete cycle. 

5-29. When the circularly-polarizedenergy 
strikes a receiving antenna, some portion 
of the circularly** polarized wave will be in 
the same plane as the antenna and maximum 
energy is transferred. Figure 5-12 illus- 
trates an antenna array that will produce a 
circularly -polarized wave* 
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5-30. Antenna Length* 



5-3L As stated previously in the discussion 
of electromagnetic radiation, a half-wave 
conductor is the simplest of the radiating 



5-10 



Figure 5-11* Wave Depleting Circular 
Polarization and Vectors 
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Figure 5-12, Antenna Using Circular Polarization 



elements. Considerable radiation occurs in 
this element because of its resonant char- 
acteristics and its ability to store large 
amounts of energy in induction fields. Reso- 
nance causes high voltages and high cir- 
culating currents and they, in turn, pro- 
duce strong (induction and radiation) fields 
around the antenna. 

5-32* An antenna which is a multiple of one 
half- wavelength acts as a resonant circuit. 
In such an antenna, the capacitive currents 
cancel the effects of the inductive currents, 
and the antenna presents only pure resistance 
to any applied or induced current, as shown 



in part A of figure 5-13. Any antenna which 
is either longer or shorter than a multiple 
of one half -wavelength will oppose any cur- 
rent flow with an impedance composed of 
both resistance and reactance. For example, 
an antenna which is longer than some 
multiple of a half-wavelength will act as an 
inductive circuit, as shown in part B of the 
figure, while a shorter antenna will act 
as a capacitive circuit, as shown in part C, 
The remedy for excess antenna length is 
either to cut the antenna shorter or to 
add a physical capacitor in series with the 
line* as shown in part E of the figure. The 
capacitance must be of the proper value to 
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Figure 5-13. Effect of Physical Length on Antenna Impedances rep4-202$ 



provide the capacitive reactance needed to is too short, add a physical coil in series 
cancel the unwanted results from the indue- with the antenna, as shown in part D of the 
tive reactance. To correct an antenna which figure. The coil will effectively lengthen 
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the antenna by causing the inductive re- 
actance to cancel the effects of the capaci- 
tive reactance, 

5-33, The field intensity pattern (radiation 
" lobe) of a hall* wave Hertz antenna is illus- 
trated in figure 5-14. The Hertz antenna 
may be erected horizontally or vertically, 
depending upon which direction the energy 
is to be radiated. One disadvantage of the 
Hertz antenna is that its length for low radio 
frequencies becomes excessive. One of its 
main advantages is that it requires no ground 
(earth) and can be mounted high above the 
ground, 

5-34, The basic Marconi antenna is a 
quarter-wave grounded radiator* The 
grounded antenna may be cut shorter than a 
quarter-wave length and still be resonant at 
the desired frequency if an inductor (called a 
loading coil) is placed in series with the 
antenna. By adjusting the loading coil, very 
short lengths of wire may be made resonant. 
Decreasing the length of the antenna, how- 
ever, decreases the efficiency because the 
resistance of the inductor will dissipate 
excessive power as heat rather than allow it 
to be radiated, 

5-35, The operation of the Marconi antenna 
can be explained by the use of an image to 
make an effective half-wave antenna. Assume 
that the surface of the earth is a perfect 



mirror and will produce an image antenna 
one-quarter wavelength long in the ground. 
This will occur if the ground is a good con- 
ductor. Assume that the quarter-wavelength 
below ground will be maximum negative due 
to the image antenna. The voltage and cur- 
rent distribution will be as shown in figure 
5-15, The field intensity pattern will be one- 
half that of a vertically polarized Hertz 
antenna. If the earth is not a good conductor 
the field intensity pattern will be smaller, 

5-36, Anterna Arrays* 

5-37. Ther **re uses for antennas where 
it is desirable that the radiation be non- 
directional, and other uses where the an- 
tenna must be very directional. In the latter 
case, the antenna system usually consists of 
two or more simple half-wave elements so 
spaced that the fields from the elements add 
in some directions and cancel in others* 
This set of antenna elements is called an 
array. 

5-38, The array includes more than one 
element* but the basic element is generally a 
half-wave dipole* Sometimes it is made to 
have more or less than this length, but 
usually the deviation is not great. A DRIVEN 
ELEMENT is connected directly to the trans- 
mission line. It obtains its power directly 
from the transmitter, or in reception, it 
applies the received energy directly to the 
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Figure 5-14* Hertz Antenna 
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Figure 5-15, 



receiver, A PARASITIC ELEMENT, on 
the other hand, derives its power from 
another element in the same array. It is 
placed close enough to the other element 
to permit coupling, and it is excited by 
means of the close coupling. If all of the 
elements in a given array are driven, the 
array is called a DRIVEN ARRAY, The 
term CONNECTED ARRAY is sometimes 
used to describe this type. If one or more 
elements are parasitic, the entire arrange- 
ment is usually considered to be a PARA- 
SITIC ARRAY. A parasitic element is some- 
times placed sc that it will produce maxi- 
mum radiation (in transmission) from its 
associated driver, and it operates to rein* 
force the energy going from the driver 
toward itself. When so used, the parasitic 
element is referred to as a DIRECTOR. If a 
parasitic element is placed on the other side 
of the driven element so that it causes 
maximum radiation in the direction from 
itself toward the driven element, it is 
called a REFLECTOR. 

5-39. Broadside, 

5-40, When two or more half-wave ele- 
ments are placed one -half wavelength apart, 
parallel to each other and are excited in 
phase, most of the radiation is broadside 
to the plane of the antenna. The term, 
excited in phase, simply means that the 
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antenna elements are connected so that the 
currents flowing in all the elements will be 
in the same direction at any instant U time* 

5-41. In order to understand how a direc- 
tional field is produced, we will observe 
an end view of the elements. Since the 
spacing between the elements is one-half 
wavelength, this will constitute a phase 
change of 180°, 

5-42. In figure 5-16A, notice that the 
direction of current in all elements is the 
same. This means that the fields produced 
will also have the same direction. In figure 
5-16B, broadside array, note the fields that 
are shown. The solid circle is shown one- 
half cycle after it was started, and it has 
traveled one-half wavelength. The broken 
circle is shown one cycle after it was 
started and it has traveled one wavelength* 
Assume that the solid circle is a positive 
wavefront and the broken circle is a nega- 
tive wavefront. As the positive wavefront 
travels from conductor 1 to conductor 2, 
it will cover a distance of one-half wave- 
length. At this time, the polarity of conduc- 
tor 2 will be negative and will start tt 
produce a negative wavefront. The two wave* 
fronts of unlike polarities will cancel* 
Therefore, the direction of cancellation will 
be as shown. Refer n^w to the angles that 
are perpendicular to the antenna array. 
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Figure 5-16* Broadside Array 



Note that the solid lines indicate the same 
polarity* There will be reinforcement in this 
direction* Figure 5-16C is a representation 
of the antenna pattern observed in line with 
the axis of the array. Figure 5-16D is an 
end view of four elements showing that the 
direction of radiation is broadside to the 
array. 

5-43. Figure 5-16E shows the radiation 
pattern as bidirectional, that is the antenna 
will radiate in two directions at one time* 
Notice that there are two major lobes, or 
points of maximum radiation, and several 
minor lobes or points of minimum radiation* 

5-44. End-Fire Array. 

5-45* An end-fire array is one in which two 
or more elements, one-half wavelength long, 
spacedone-phalf wavelength apart, in parallel. 



are fed 18CP out of phase* In figure 5, 17A. 
note that the current flow, indicated by 
arrows, is opposite in each element* Again, 
the broken circle represents a negative 
wavefront and the solid circle represents a 
positive wavefront* For the purpose of sim^ 
plicity, consider one element radiating at a 
time, starting with element 1 in figure 
5-17B. As the positive wavefront moves 
toward element 2. the polarity of element 2 
will be changing from a negative value to a 
positive value* The positive wavefront from 
element 1 reaches element 2 one -half cycle 
later when element 2 is producing a positive 
wavefront* This will give us a reinforce- 
ment of the energy radiated by element 2 
at this time* Now note element 2 and con- 
sider its affect on the radiation pattern. 
You will recall that when element 1 was 
producing a positive wavefront, element 2 
was producing a negative wavefront because 
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Figure 5-17- End-Fire Array 
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of the distance between thorn. This negative 
wavefront will move toward elements land 3. 
Because of the spacing, the phase of each 
element will have reversed at the time this 
negative wavefront reaches these two ele- 
ments. Element 1 and 3 are producing a 
negative wavefront when the wavefront from 
2 reaches them. These two negative wave- 
fronts will also reinforce each other. The 
diagram should be simple to understand if 
you remember that the polarity of the ele- 
ments are also changing. The endfire array 
also produces a bidirectional radiation pat- 



tern. When more elements are added to the 
array, the beam is narrowed. The antenna 
will also operate with two elements but 
in order to show the affect of additional 
elements, three elements are used. Figure 
5-17C is a top view of the radiation pattern. 
The solid line shows the radiation pattern 
with two elements while the broken line 
shows the pattern with three elements. Fig- 
ure 5-17D is a three dimensional view of 
the "^tual radiation pattern to show bi- 
directional characteristics of the end-fire 
array. 
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Figure 5-18. Cardloid Array 



5-46* Cardioid Array 

5-47, If two dipoles are spaced one -quarter 
wavelength apart and are excited 90° out of 
phase, a unidirectional radiation pattern re- 
sults. This type of an antenna is known as a 
cardioid array. In figure 5-16A* the excita- 
tion of element ji leads that of elementiby 
90°. For purpose of explanation, assume 
that element a_ is a maximum positive, then 
element _b will be zero because of the 
quarter -wavelength spacing. The positive 
field radiated by element _a travels toward 
element J). At the same time, the polarity 
of element^ is changing from zero to maxi- 
mum positive, The positive will be rein* 
forcement. This reinforcement will be in 
the direction of the lagging element. This 
explains why there is an increase in the 
field strength in one direction. You will 
recall that a dipole antenna by itself radiates 
in all directions. Now consider the energy 
moving to the left. The positive wavefront 



produced by element _b^ al io moves toward 
element ji; As the positive wavefront moves 
to the left one-quarter wavelength, the 
polarity of element _a is changing from zero 
to a maximum negative. This can be seen 
by drawing two sine waves 90° out of phase 
and labeling the leading phase element a_ 
and the lagging phase element Jb. This 
results in a decrease in the field intensity 
in the direction of the leading element. Due 
to the phase difference at right angles to the 
array, there is neither complete cancella- 
tion or addition. The radiation pattern is 
heartshaped, therefore, the name cardioid 
array. The radiation pattern is shown in 
figure 5-16B. 

5~48. Colinear Array, 

5-49. If two half-wave elements are placed 
end to end as shown in figure 5-19A, and 
excited in phase, they form a COLINEAR 
array. Looking at the end of the array, the 
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Figure 5-19. Collinear Array 
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pattern is circular, just as is that of a single 
dipole. The effect of the collineaxarray is to 
squeeze the doughnut pattern into a flat disc 
(figure 5<-19B), As more elements are added, 
the disc of radiation becomes flatter and 
small secondary lobes appear. The radiation 
pattern of a four-element collinear array is 
shown in figure 5-19C, 

5-50, Parasitic Elements, 

5-51, GENERAL. The use of parasitic 
arrays is another method of achieving high 
antenna gain. A parasitic array consists of 
one or more parasitic elements placed in 
parallel with each other, and, in most cases, 
in the same line-of-sight level. The para- 
sitic element is fed inductively by radiated 
energy which comes from the driven ele- 
ment connected to the transmitter. The 
transmitter is connected directly to the 
driven element. When you place the para- 
sitic element so that radiation is in the 
direction shown in part A of figure 5 -20 A, 
the element is termed a DIRECTOR, When 
you place the parasitic element so that 
radiation is in the direction shown in part B, 



the element is termed a REFLECTOR. The 
directivity pattern which results from the 
action of parasitic elements depends on two 
factors. These factors are the tuning, which 
is determined by the length of the parasitic 
element, and the spacing between the para- 
sitic and driven elements, 

5-52, Operation, 

5-53, When a parasitic element is placed a 
fraction of wavelength away from the driven 
element, and is of approximately resonant 
length, it re radiates the energy itintercepts. 
The parasitic element is effectively a tuned 
circuit coupled to the driven element, much 
the same as the two windings of a trans- 
former are coupled together. The radiated 
energy from the driven element causes a 
voltage to be developed in the parasitic 
element, which, in turn, sets up a magnetic 
field. This magnetic field extends to the 
driven element, which then has a voltage 
induced in it. The magnitude and phase of 
the induced voltage depend on the length of 
the parasitic element, and also upon the 
spacing between the elements. In actual 
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Figure 5-20. 1-usraon of Director and 
Reflector with Reference to 
Driven Element 



practice, you can arrange the length and 
spacing so that the phase and magnitude of 
the induced voltage cause a unidirectional, 
horizontal radiation pattern, with an increase 
in gain, 

5-54, In the parasitic array shown in part 
B of figure 5*20, the reflector and driven 
elements are spaced a quarter -wavelength 
apart. The radiated signal which comes 
from the driven element strikes the reflec- 
tor after a quarter -cycle. The voltage de- 
veloped in the reflector is 180 degrees out 
of phase with the driven element voltage. 
The magnetic field set up by the reflector 
induces a voltage in the driven element a 
quarter of a cycle later, since the spac- 
ing between the elements is a quarter- 
wavelength. The induced voltage is in phase 
with the driven element voltage, which 
causes an increase in voltage in the direc- 
tion of the radiated signal indicated. This 
induced voltage forms the horizontal pattern 
shown in part B of figure 5-21. Since the 
voltage induced in the parasitic element is 
180 degrees out of phase with the signal 
produced by the driven element, you can 
see that there is a substantial reduction in 
signal strength behind the reflector* In 
practice, the magnitude of an induced volt* 
age never quite equals that of the inducing 
voltage, even in very closely coupled cir- 
cuits; thus, the energy in the minor lobe is 
not reduced to zero. In addition, very little 
radiation is produced in the direction at 
right angles to the plane of elements. When 
the parasitic element is a director, the 
horizontal and vertical radiation patterns 
are as shown in part A of figure 5-21, The 
radiation patterns shown have several ad- 
vantages and disadvantages. The two main 
advantages of a parasitic array are in. 
creased gain and unidirectivity* There is a 
reduction of transmitted energy in all but 
the desired direction. This makes the para- 
sitic array useful in antenna arrangements 
that can be rotated to a given direction. 
These are known as ROTAR ARRAYS, The 
gain and directivity of a parasitic array are 
greater than those for a driven array of the 
same size* However, note that parasitic 
arrays have the disadvantages of critical 
adjustment and operation over a narrow 
frequency range. 
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Chapter 6 



SYSTEMS 



6-1, Communication Systems, 

6*2. A system whose purpose it is to trans- 
mit information from one point to another is 
called a communication system. Radio is a 
communications system in which information 
is sent from one point through space and 
received at another point Radio is a practi- 
cal means for communications with moving 
vehicles such as boats, airplanes and autos, 
as well as with fixed locations. A radio 
communications system is illustrated in 
figure 6-1. The transmitter generates radio- 
frequency power and modulates it with the 
information to be transmitted* Transmission 
lines carry this radio-frequency power from 
the transmitter to the transmitting antenna 
which radiates energy into space in the form 
of electromagnetic waves* A receiving an* 
tenna in the path of these waves picks up 
some of the radiated energy* Transmission 
lines carry the received power to the re* 
ceiver, which converts the radio frequency 
power into a form from which the informa- 
tion can be extracted* 
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Figure 6*1. Radio 
Communications System 

6-3, An oscillator can become an AM 
transmitter if a microphone and antenna 
are added as illustrated in figure 6-2* Sound 
waves applied to the diaphragm of the micro- 
phone cause the diaphragm to vibrate* The 
frequency and intensity of vibrations depend 
upon the frequency and intensity of the sound 
waves* These vibrations vary the electrical 
resistance offered to the battery current by 
the carbon granules of the microphone, 
causing fluctuations of current in the pri- 
mary of the transformer* The fluctuating 
currents in the primary of the transformer 
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Figure 6-2, Making an Oscillator a Transmitter 
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Figure 6-3. Block Diagram of a Transmitter 



induce corresponding AC voltage changes in 
the secondary, which cause the plate voltage 
of the tube to vary. The plate voltage changes 
produce amplitude changes in the resultant 
RF wave to be transmitted by the antenna. As 
you have seen an oscillator has become a 
transmitter by the addition of a modulating 
device. In the early days of radio such 
oscillators were used as transmitters by 
coupling them directly to the antenna circuit. 
To increase the power output, larger tubes 
were used and higher voltages applied to the 
antenna. For present day demands, an oscil- 
lator used alone is not satisfactory. Too 
many factors limit its usefulness, 

6-4, One of the major limitations of an 
oscillator as a transmitter is its lack of 
frequency stability. The frequency of an 
electron tube oscillator is controlled by the 
inductance and capacitance of its oscillatory 
circuit. Therefore, coupling a load (such as 
an antenna) to the oscillatory circuit of an 
oscillator has a great effect on its stability. 
The effective impedance of an antenna system 
is often changed by variations in the weather; 
the wind may shift the relation of the antenna 
to ground, rain, sleet, snow or ice may col- 
lect on the antenna; these and other condi- 
tions may change the impedance of the an- 
tenna, A varying load reflectedinto the oscil- 
latory circuit will cause a change in the fre- 
quency of the oscillator. Though the fre- 
quency stability required can be attalnedbya 
crystal oscillator, the frequency range is 
limited. In frequencies above approximately 



100 MHz the crystal oscillator cannot stand 
alone. To provide the needed frequencies, 
the oscillator must be followed by fre- 
quency multipliers. Another form of fre- 
quency instability occurs when the oscil- 
lator is modulated directly as illustrated 
in figure 6*2. The sound waves changed 
the plate voltage on VI, and by doing so 
changed the amount and phase of the feed- 
back. This not only changes the amplitude 
of the output, but will also cause a change 
in the frequency, 

6-5, Another limitation of an oscillator 
as a transmitter is power output. To pro- 
vide sufficient power for modern radio trans- 
mission^ the oscillator is usually followed 
by a buffer and power amplfiers. This 
arrangement produces the needed oscillator 
stability as well as suitable power out. Fre- 
quency stability is the ability of a trans- 
mitter to maintain the desired operating 
frequency. The required frequency stability 
or tolerance of a standard broadcast station 
is within 20 Hz of the assigned frequency, 

6-6, A practical transmitter circuit con- 
sists of a radio -frequency section and a 
modulation section. As you can see in fig- 
ure 6-3, the radio -frequency section con- 
sists of an oscillator and amplifier whose 
function it is to produce a carrier wave of 
the proper frequency and with sufficient 
power to be radiated over a given area. 
The oscillator produces an RF signal. The 
amplifier has four functions it can perform. 
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Figure 6-4. Simple Receiver Block Diagram 



One, as a buffer, to isolate the changing 
impedance of the antenna from the oscillator* 
Second, as a frequency multiplier* to raise 
the frequency to be transmitted by some 
multiple of the oscillator frequency. Third, 
as a power amplifier, to produce the RF 
power required by the system. Fourth, as a 
non-linear device for modulation, to produce 
the modulated waveform. The amplifier sec* 
tion may perform one, two, three or all 
four of the functions in one or more stages. 
The modulation section of the transmitter 
usually consists of a microphone, voltage 
amplifiers and power amplifiers. The micro- 
phone converts sound waves into changes of 
voltage, the voltage amplifier amplifies these 
signals and the power amplifier produces 
the power required for modulation. 

6*7. A receiver must perform certain basic 
functions; these are interception, detection, 
and reproduction. A typical receiver per- 
forms the following functions; reception, 
selection, demodulation, amplification and 
reproduction* 

6-6. RECEPTION involves the transmitted 
electromagnetic wave passing through the 
receiver antenna in such a manner as to 
induce a voltage in the antenna. 



6-9. DEMODULATION or DETECTION 
uses the received signal and recreates the 
intelligence signal which modulated the RF 
carrier wave. 

6-10. AMPLIFICATION increases the 
intelligence signal (audio in the case of a 
radio) to the level required for operation of 
the reproducer. 

6-11. REPRODUCTION converts the ampli- 
fied intelligence signal to energy waves, 
such as sound, which can be interpreted by 
the ear, or light, which can be interpreted 
by the eye* 

6-12. The ability of a receiver to repro* 
duce the intelligence of a very weak signal 
is determined by the receiver's sensitivity. 
In other words, the weaker a signal may be 
and still be reproduced, the better the 
receiver's sensitivity. 

6-13. The ability of a receiver to select 
and reproduce a desired signal from' among 
several closely spaced stations, or from 
among interfering frequencies, is deter* 
mined by the receiver's selectivity. In 
other words, the better a receiver is at 
differentiating between desired and unde- 
,3i red signal frequencies, the better is the 
receiver's selectivity. 
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Figure 6-5. AM Transmitter 



6-14. Figure 6-4 shows a simple radio 
receiver which performs all the functions 
required of a receiver. The example is a 
receiver used for audio communications. 

6-15. Figure 6-4 also Illustrates the func- 
tions performed by the various sections of the 
receiver* The input to the receiver is the 
electromagnetic wave propagated from the 
antenna of the transmitter- This wave passes 
through the antenna of the receiver and 
induces small AC currents and voltages. The 
section of the receiver formed by the antenna 
and LI performs the function of reception* 
Current through LI produces an electro- 
magnetic field which induces AC voltages 
into the secondary. L2. L2 and CI form a 
tuned circuit, withClbeingvariabletopermit 
tuning across the desired band. Thus, the 
tuned input circuit selects a specific fre- 
quency from among those present in the 
antenna circuit. The output of the tuned 
circuit is the modulated RF signal* 

6-16. This modulated RF signal is then 
applied to the detector, where demodulation 
takes place. The output of the detector is a 
weak audio signal. This signal is normally 
too weak to operate a speaker; therefore, an 
AF amplifier increases the signal amplitude. 
The output of the amplifier is fed to the 
speaker, which reproduces the intelligence* 
Reproduction converts the electrical signals 
to a replica of the original audio input to the 
transmitter. 

6.17. AM Systems* 



6-18. A great number of communications 
systems being used at present are of the 
double sideband, unsuppressed carrier (con- 
ventional broadcast) type. A block diagram 
of a typical transmitter used in this type 
system is illustrated in figure 6-5. Let us 
discuss the purpose and characteristics of 
each block. 

6-19. RF Oscillator* 

6-20. An AM transmitter needs an oscil- 
lator to produce an RF wave called a CAR- 
RIER. In order to transmit intelligence by 
radio waves, it is necessary to combine the 
intelligence with a carrier. 

6-21* Two main requirements exist for the 
oscillator: AMPLITUDE STABILITY and 
FREQUENCY STABILITY* The rigidity with 
which these requirements must be met de- 
pends on the accuracy demanded of the 
communications system. 

6-22. Frequency stability refers to the 
ability of the oscillator to maintain the 
desired operating frequency. The less the 
oscillator drifts from its assigned operating 
frequency, the better the frequency stability* 

6-23* RF Amplifier. 

6-24* The oscillations from the oscillator 
may not be of sufficient amplitude to pro- 
vide the proper percentage of modulation in 
the power amplifier. If this is the case, then 
the RF amplifier, as a voltage amplifier 
is used to raise the voltage level of the 
oscillations to the proper amplitude to drive 
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Figure 6*6. AM Transmitter Efficiency 



the power amplifier. The RF amplifier stage 
can also be used as a buffer and/or multi- 
plier. A buffer provides isolation so that one 
circuit does not interfere with another. A 
frequency multiplier is used to increase the 
frequency to a desired value. 

6-25. In an AM transmitter, where the 
oscillator couples directly to the power 
amplifier (PA), the PA acts as a load on 
the oscillator. Modulating the PA t therefore, 
changes the load on the oscillator which 
causes oscillator instability. A buffer, there- 
fore, isolates the oscillator from the PA. 

6-26* Some transmitters operate the oscil- 
lator at a low frequency and use frequency 
multipliers to reach the desired output fre- 
quency. It is usual practice to keep the 
multiplication factor for a single stage to 
two or three, because the efficiency of a 
multiplier decreases as the factor increases. 
Though some multipliers have a multiplica- 
tion factor as high as eight, their output tends 
to contain troublesome harmonics. 

6-27, Audio Amplifier and Modulator. 

6*26. The audio signal must be amplified 
to a sufficient power level to provide the 
proper amount of modulation. The audio 
amplifier is a voltage amplifier, and the 
modulator is a power amplifier. In order to 
have an efficient system, we should have 
100% modulation. The level of the audio 
signal applied to the power amplifier must 
be sufficient to develop all of the power 



required for the sidebands. If the modulating 
signal is too large, then distortion will 
occur. 

6-29. The audio amplifier (figure 6-5) is a 
wideband amplifier so that all frequencies 
within the audio signal may be amplified. 
The input audio signal is usually a very low 
level signal. The modulator output, on the 
other hand, is used to drive the power 
amplifier. 

6-30. Power Amplifier. 

6-31. The power amplifier (PA) in figure 
6-5, is the stage in which the carrier is 
modulated by the intelligence signal. Re* 
member that the modulation process is a 
heterodyning process. Heterodyning is the 
production of sum and difference frequen- 
cies by combining two or more different 
frequencies. The additional two frequencies 
are called sidebands or sideband frequen- 
cies. One sideband has a frequency that is 
higher than the carrier frequency by an 
amount equal to the modulating frequency. 
The other sideband is lower in frequency 
than the carrier by an amount equal to the 
modulating frequency. The power output cir- 
cuit passes the carrier and the two side- 
bands, but not the modulating signal. 

6-32* The power amplifier is a tuned amp- 
lifier and develops the required power for 
the carrier and the twosidebandfrequencies. 
This power is obtained through a conversion 
process in which power from the modulator 
is converted into sideband power. 
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6-33, The power distribution for a 400 watt 
transmitter is shown in figure 6-6. For this 
example, assume that the transmitter is 
modulated 100%, and that the power ampli- 
fier's efficiency is 80%. Ihe efficiency of 
an amplifier can be computed using the 
following equation: 



Eff 



(3-1) 



in 



which can be transposed into the following 
two forms; 



P _ P, Eff 
o " in 



(3*2) 



20% of the 500 watts is dissipated by the 
tube as heat. The remaining 400 watts are 
converted into carrier power and appear at 
the output. 

6-36, When the transmitter is 100% modu- 
lated* the two sidebands together containing 
one half as much power as the carrier, 
appear at the output. Since the sidebands 
occur as a result of modulation, the power 
which they contain is supplied by the modu- 
lator. Numerically, the sideband power at the 
output is 200 watts. This represents 80% of 
the audio power applied to the PA by the 
modulator. Equation (3-3) can be applied to 
determine the exact amount of power the 
modulator must supply for 100% modulation 



and 



P. 
ui 



where 



P 

Eff 



(3-3) 



p o_ 200 

in " £ff = 0.80 



p in = 250 watts 



Eff = the efficiency of the amplifier 
P Q - the output power in watts 

P t _ DC input power (E b x 1^) to 
the plate of the amplifier 

6-34, If the modulating signal is reduced 
to zero, only the 400-watt carrier will exist 
in the output of the power amplifier. Since 
the power amplifier has an efficiency of 
80%, the PA power supply must deliver 
more than 400 watts of carrier output. The 
power drawn from the PA power supply is 
computed using equation (3*3) as follows: 



Therefore, the modulator must supply 250 
watts of audio power to the power ampli- 
fier to produce 100% modulation. Of this 
250 watts, only 200 watts reach the output 
because the 80% efficient PA loses 50 watts 
by the plate of the tube, as plate dissipation. 
Note that the same power relationship exists 
between the PA and modulator input powers 
as exists between the carrier and sideband 
powers. Observe, also, that the modulator 
input power of 250 watts is exactly one-half 
of the PA input power of 500 watts. 

6-37, The power amplifier must have a 
bandwidth sufficiently broad to pass the 
carrier and the sidebands. 



P o _ 400 
in = Eff .80 



*i n = 500 watts 

6-35, This computation shows that, inorder 
to generate the carrier, 500 watts of DC 
Power must be supplied by the PA power 
supply. Because the tube is 80% efficient, 



6-38, The power output of the power amp- 
lifier may not be of the level required for 
transmission. Some AM systems employ 
amplification after the power amplifier. This 
is not shown in figure 6-5, This amplifier 
is called either the Final Power Amplifier 
or a Linear Power Amplifier. Its purpose 
is to bring the power level of both the 
carrier and the sidebands up to the desired 
power level for transmission. The relation- 
ship "between" carrier and sideband power 
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must not bet changed. The bandwidth of this 
amplifier must be wide enough to assure that 
all the sidebands receive the same degree 
of power amplification as did the carrier. 

6-39, The output of the transmitter is the 
carrier and the sidebands, the power of which 
may be low, intermediate, or high. The out-, 
put frequency may range from a fe4 kilo- 
hertz to thousands of megahertz. The output 
of the transmitter must be transferred to 
the load, which is usually an antenna. The 
transmission line conducts or guides the 
energy from the transmitter to the load. The 
transmission line must be capable of handling 
the power output of the transmitter, and must 
pass the required frequencies with little 
attenuation. 

6-40. A transmitting antennaconvertselec- 
trical energy into electromagnetic waves 
which radiate away from the antenna at the 
speed of light. The electrical and physical 
features of antennas are determined by the 
functions they serve. Such features will vary 
with operating frequency, power handling 
capability, plane of polarization, and desired 
radiation field pattern. The physical size of 
an antenna element is determined primarily 
by its operating frequency and power handling 
capability, while its overall shape and size, 
relative to the wavelength, are determined 
by the desired radiation field pattern. 

fi-41« Circuit Operation. 

6-42. Figure 6-7* illustrates an AM trans- 
mitter schematic diagram. The transmitter 
is broken down into three major sections, 
the first being the radio frequency section. 
The first stage in this section is a Hartley 
RF oscillator. The direct current flows from 
ground through the lower windings of Tl, 
through R2, VI, LI, and R3 to B+< The RF 
oscillations that are present at the top of 
TI are coupled to the grid of VI which 
causes the direct current to increase and 
decrease at the oscillator RF frequency, 
this produces the necessary feedback. The 
oscillations are also coupled through C3 and 
R4 to the g rid of V2. V2 is an RF voltage 
♦Figure 3 in KEF-GF-68 



amplifier. The DC path is from ground, 
through R5, V2 and L2 to B+, also DC flows 
from ground through R5 to the screen grid 
through R6 to B-k The RF signal on the 
grid of V2 causes the DC in V2 to increase 
and decrease at the oscillator signal fre- 
quency, The variations in the DC through 
the tube produces an AC signal at the top 
of L3 and C9, this signal is coupled to the 
grid of V3« V3 is a class C Power Ampli* 
fier. The DC flows from ground through 
R8, V3, through the primary of T2, L5, and 
secondary of T3. The AC signal on the grid 
causes the DC to vary at the oscillator fre- 
quency, which is the resonant frequency of 
the tank C12 and T2 which produces maxi- 
mum signal at that frequency. 

6-43. The intelligence signal {audio} is 
developed by the microphone, coupled through 
C-14 and R9 to the grid of V4, which is a 
voltage amplifier. The amplitude of the audio 
signal which is applied to V4 control grid is 
controlled by R9. R9 is in factthepercentage 
of modulation control. The DC path is from 
ground through RIO, V4 and RU. The audio 
signal on the grid causes the DC to vary at 
the audio rate. The amplified audio signal 
is coupled from the plate of V4 by C16 and 
R12 to the grid of the modulator (audio 
power amp) V5« The DC is from ground 
through R13, V5, and T3 to B+, there is also 
current flow into the screen grid through 
R14, to B+. The audio signal on the grid of 
V5 causes the current flow through the 
primary of T3 to vary at the audio rate. 
These variations are coupled to the secondary 
and cause the plate voltage of V3 to vary at 
the audio rate. This produces sidebands in 
the plate circuit of V3. These are developed 
in the resonant tank circuit of V3* The carrier 
and the sidebands are then coupled to the 
antenna by T2« The antenna converts the 
voltage and current changes into electro** 
magnetic fields which radiate out into space. 

6-44, The power supply, V6, provides the 
power required for each stage. The DC 
from each stage flows through R15, L6, the 
conducting half of V6 and through the 
secondary of the power transformer to 
ground, completing the DC loop. 
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Figure 6-7. Schematic Diagram of an AM Transmitter 



6-45, AM Receiver. 

6-46. The block diagram of a typical super- 
heterodyne receiver is shown in figure 6*8. 
The RF signal from the antenna passes 
through an RF amplifier, where the ampli- 
tude of the signal is increased. A locally- 
generated, unmodulated RF signal of constant 
amplitude then mixes with the modulated RF 
signal in the converter (sometimes called the 
FIRriT DETECTOR) stage. 
The heterodyning of these two frequencies 



produces an IF signal which contains all of 
the modulation characteristics of the incom- 
ing modulated RF signal. The IF is equal to 
the difference between the frequency of the 
modulated signal and the local oscillator 
signal. The IF is then amplified in one or 
more IF amplifiers and fed to a demodulator 
(Second detector). The demodulated signal 
is amplified in the AF amplifier section and 
then fed to a speaker. 

6-47, RF Amplifiers. 
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6*48. The RF amplifier stage amplifies the 
small AC voltages induced in the antenna by 
the electromagnetic wave. The tuned circuit 
between the antenna and the input of the RF 
amplifier permits selection of the desired 
frequency from among the many that may be 
present in the antenna, 

6-49. Besides amplifying the RF signal, the 
RF amplifier has other important functions. 
For example, it isolates the local oscillator 
from the antenna system. If the antenna were 
connected directly to the mixer (frequency 
converter) stage, a part of the oscillator 
signal might be radiated into space. This 
signal could be received by other receivers, 
causing interference. 



6*50. Also if the frequency converter were 
connected directly to the antenna, unwanted 
signals, called IMAGES, might be received. 
This is because the input circuit of the 
converter has a very wide bandwidth when 
compared with the other circuits in the 
receiver. The converter stage will produce 
the intermediate frequency of the cesired 
signal by heterodyning the local oscillator 
signal with the desired signal. However, if 
the image frequency is present at the input 
of the converter, it will also heterodyne with 
the local oscillator signal to produce 
another intermediate frequency. The output 
of the receiver would then be both the 
desired station and the image station. The 
use of an RF amplifier stage between the 
antenna and the converter stage will improve 
the image frequency rejection of the 
receiver since the RF amplifier has a 
narrower bandwidth. 

6*51, The image frequency always differs 
from the desired received frequency by 
twice the intermediate frequency: Image 
Frequency - Desired Frequency ±2 IF, The 
image frequency is higher than the desired 
received frequency ( + 2 IF) if the local oscil- 
lator operates above the desired received 
frequency. The image frequency is lower 
than the desired received frequency (-2 IF) 
if the local oscillator operates below the 
desired received frequency. 




Figure 6-8, AM Receiver 



6-52, The frequency relationships between 
image frequency, oscillator frequency, and 
station frequency are illustrated in figure 

5- 9, As an example, if a receiver has an 
intermediate frequency of 455 kHz and the 
desired signal is at 1500 kHz, the local 
oscillator will be at a frequency of 1955 
kHz, The image frequency, in this case, is 
24X0 kHz. A station operating at 2410 kHz 
could heterodyne with the 1955 kHz oscil- 
lator signal and produce a difference fre- 
quency of 455 kHz, This image station is 
out of the broadcast range but could consist 
of other types of transmission, such as 
police calls or marine signals, 

6- 53, It is also possible for any two sig- 
nals, having sufficient strength and separated 
by the Intermediate Frequency, to produce 
an unwanted IF signal. This unwanted signal 
results from heterodyning these two signals 
in the frequency converter stage, 

6-54. The selectivity of the tuned circuits 
preceding the frequency converter reduces 
the strength of these images and unwanted 
signals. However, there is a practical limit 
to the degree of selectivity obtainable in the 
RF stage. The RF stage must have a much 
wider bandwidth than the bandwidth of the 
desired signal. 

6*55. The ratio of the amplitude of the 
desired station signal to that of the image 
signal in the RF stage is the signal-to-image 
ratio, or the "image rejection" ratio. This 
is normally expressed in decibels. A large 
image rejection ratio is required if spurious 
(unwanted) reception is to be suppressed. 
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Figure 6-9, Image Frequency 

6-56- Local Oscillator. 

6 57* The function of the local oscillator 
is to produce a sine wave of a frequency 
which differs from the desired station fre- 
quency by an amount equal to the inter- 
mediate frequency of the receiver. The 
operation of the oscillators was previously 
discussed* 

6-58* Although the oscillator maybe opera- 
ted above or below the desired station fre- 
quency, in most receivers the oscillator is 
operated above the station frequency. In 
order to allow selection of any frequency 
within the frequency band of the receiver, 
the tuned circuits of the RF amplifier stage 
and the local oscillator are variable. By 
using a common shaft for the variable com- 
ponents for these tuned circuits, both cir- 
cuits are tuned to maintain the intermediate 
frequency difference between them. The RF 
amplifier is tuned to the frequency indicated 
on the receiver tuning dial. 



6-59. Frequency Converters and Mixers. 

6-60, The superheterodyne, receiver has 
uniform gain and selectivity, as the receiver 
is tuned over a wide range of frequencies. 
These advantages are possible because the 
incoming RF signal is converted to an IF 
having a constant center frequency. This 
change of frequency takes place in the fre- 
quency conversion stage of the receiver. 
There are two basic types of frequency con- 
version stages used in the "superhet" re- 
ceiver, one type being the MIXER and the 
other type being the CONVERTER, The fre- 
quency conversion process is the heart of 
the superheterodyne principle* 

6-61, The basic difference between amixer 
and converter is that the mixer requires 
two input signals (radio frequency and oscil- 
lator) whereas, the converter has its own 
self-contained oscillator and requires only 
one input signal (radio frequency), 

6-62, Figure 6-10 illustrates the block dia- 
gram of a specific mixer stage and the 
frequencies involved in the process of mix- 
ing* For simplicity, let's use a single 5 kHz 
audio frequency as the original modulating 
frequency with a station carrier signal of 
1000 kHz, The AM signal from the trans- 
mitter will contain energy at three distinct 
frequencies; 1000 kHz carrier frequency, 
1005 kHz upper sideband frequency, and 995 
kHz lower sideband frequency. This AM sig- 
nal is used as one of the input signals to the 
mixer stage and is indicated in figure 6-10 
as the AM signal from the RF amplifier. The 
other input to the mixer stage is a constant 
amplitude 1455 kHz signal from the local 
oscillator* A prerequisite of the mixer is 
that it be nonlinear* Using a transistor in 
the curved portion of its dynamic transfer 
curve achieves proper mixing action, 

6-63. The local oscillator frequency beats 
or heterodynes with all the individual com- 
ponents of the modulated wave. For example, 
the upper sideband frequency of 1005 kHz 
and the local oscillator frequency of 1455 
kHz produce the sum frequency (2460 kHz), 
the difference frequency (450 kHz), and the 
original two (1005 kHz and 1455 kHz) 
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Figure 6-10, Block Diagram of a Mbter Stage 



frequencies. Repeat this process using the 
carrier and local oscillator, and the lower 
sideband and local oscillator frequencies. 
The net result of all these actions is an 
output which contains 10 significant fre- 
quency components. The output will also 
contain harmonics of the original frequen- 
cies; for simplicity of explanation, however, 
harmonics will be neglected. 

6-64* Figure 6-10 shows all of the fre- 
quency components present in the mixer out- 
put feeding to the filter. A tuned resonant 
tank circuit acts as the filter and selects the 
desired difference frequencies. This filter 
will pass a band of frequencies centered 
around 4SS kHz. Those frequencies outside 
the bandpass of the tank circuit do NOT 
develop sufficient voltage across the tuned 
circuit to pass on to the IF amplifier. The 
response curve of a typical tuned circuit is 
shown in figure 6-11. This tank circuit has 
relatively high gain within the 0.707 points 
and increasingly less gain for frequencies 
further from (above and below) the center 
frequency. Therefore, only frequencies 
closely associated with the resonant fre- 
quency of the tuned circuit will pass on to 
the IF amplifier. 



6-65. Figure 6-11 represents the band* 
width of just the mixer tank circuit, and 
not the overall bandwidth of a complete 
receiver. The half-power points are de- 
pendent on receiver circuit design, 

6-66. The output of the tuned filter (fig- 
ure 6-10} is 450 kHz, 455 kHz, and 460 kHz. 
These constitute the modulated IF signal. 
Note that, even though the sidebands and 
carrier have been converted to lower fre- 
quencies, the relationship between the side, 
band frequencies and the carrier has been 
maintained. 

6-67. IF Amplifier. 

6-68. The receiver circuits studied, thus 
far, have included the RF amplifier, the 
oscillator, and the mixer circuits. The amp- 
litude of the signal from the mbter (or con* 
verter) is still comparatively weak. Due to 
its small amplitude, it is normally con- 
sidered impractical to feed this signal di- 
rectly to a detector stage for demodulation. 
For this reason, the superheterodyne recei- 
ver usually includes one or more stages of 
intermediate frequency amplification be- 
tween the mixer and the detector stages. 
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Figure 6-11. Response Curve of a 
Mixer Tank 



6-69. The block diagram of figure 6-8 
shows that the IF amplifier receives its 
input signal from the mixer stage. This 
signal retains the modulation associated 
with the received RF signal. The IF ampli- 
fier amplifies the mixer output signal (a 
band of frequencies centered around the IF) 
and applies it to the detector stage. 

6-70. In many ways the operation of the 
IF amplifier is similar to that of the RF 
amplified The signals being amplified, how- 
ever, are at a lower frequency than for the 
RF amplifier. Unlike the RF tuned circuits 
(whose frequency is variable over a wide 
range), the tuned circuits used in IF ampli- 
fiers are fixed at a definite resonant fre- 
quency, adjustable tank components being 
incorporated for alignment purposes only. 
Since they operate at a fixed frequency, 
the IF amplifiers have optimum gain and 
bandwidth characteristics, 

6-71. Many factors are involved in the 
choice of a receiver's intermediate fre- 
quency. For broadcast band receivers, inter- 
mediate frequencies of 262 kHz and 455 kHz 
are common. For receivers used to receive 
high frequencies, the IF may be much higher, 
such as 10 MHz, or 60 MHz, The use of a 
low frequency IF results in slightly better 
gain, stability, and selectivity. However, 
the low IF is more susceptible to image 



frequency reception. This occurs because 
lowering the value of the IF moves the 
image frequency closer to the frequency to 
which the receiver is tuned* thus decreasing 
the attenuation of the image signal by the 
RF stage. 

6-72. As stated previously, the IF ampli- 
fier has the function of determining recei- 
ver selectivity and providing the major 
portion of the receiver's gain prior to 
demodulation. An additional function of the 
IF amplifier is to preserve all the original 
modulating intelligence by maintaining a 
sufficiently wide overall bandwidth. 

6-73. Superheterodyne receivers employ 
one or more IF amplifiers, depending on 
design and quality of the receiver. Trans- 
formers are usually used for interstage 
coupling in the IF section. The IF circuits 
are permanently tuned to the difference 
frequency for maximum gain, consistent 
with the desired bandpass and frequency 
response. For example, if we want an IF 
of 455 kHz and 10 kHz bandwidth, then the 
amplifier must pass frequencies between 
450 kHz and 460 kHz, These stages operate 
as Class A voltage amplifiers and determine 
practically all of the selectivity of the super- 
heterodyne receiver, 

6-74. Detector. 

6-75. Demodulation or detection is thepro- 
cess of recovering intelligence from the 
modulated wave. The amplified IF plus the 
upper and lower sideband signals are applied 
to the detector. The detector is a non- 
linear impedance; therefore, heterodyning 
will occur, causing new frequencies to be 
developed. These frequencies are the sum 
and difference between the applied fre- 
quencies. The difference frequency is a 
reproduction of the intelligence. The signal 
is developed and applied to the audio ampli- 
fier, while the sum and original frequencies 
are filtered out, 

6-76* Audio Amplifier, 

6-77* The function of the intelligence amp- 
lifier section of the receiver is to further 
amplify the intelligence signal. In an AM 
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Figure 6-12* Bandpass without Distortion 



Figure 6-13* Bandpass without Distortion 



receiver Vised to reproduce sound waves 
this section is called an AUDIO AMPLI- 
FIER* In most cases, the amount of ampli- 
fication necessary depends on the type of 
reproducer used, H the reproducer con- 
sists of earphones, only one stage of ampli- 
fication may be necessary. It the repro- 
ducer is a large speaker requiring a large 
amount of power, several stages may be 
necessary. In most receivers, the last stage 
is operated as a power amplifier. The re- 
producer converts the audio signal to sound 
waves. 

6-78. Distortion. 

6-79. Caution must be exercised to pre- 
vent modification of the complex wave; this 
would result in distortion of the demodulated 
signal. Bandpass is one consideration which 
could cause distortion to the audio intelli- 
gence. Until now all we have talked about 
is a carrier with a single upper and lower 
sideband frequency. In actuality, intelligence 
might contain many frequencies, which ex- 
plains why all voices sound different. To 
reproduce an audio signal which does not 
change the sound of a human voice, the 
demodulator must extract the exact same 
frequencies included in the original signal. 

6*80. For example, assume a particular 
voice modulates a carrier producing a side- 
band distribution, such as shown in figure 
6-12. Any amplifying device used in the 
receiver must pass all these frequencies, 
as shown in figure 6-13. Using an inadequate 
bandpass, such as shown in figure 6-14 



would cause the outer frequencies to be 
eliminated or drastically reduced in amp- 
litude. This would change the character- 
istics of the voice being transmitted. This 
is why it is sometimes hard to recognize a 
voice you hear on the radio or telephone. 
Such distortion is called bandpass distor- 
tion. The demodulator circuits must have a 
bandpass capable of reproducing all the 
original frequencies to preventbandpass dis- 
tortion from occurring* 

6-81. "Square law" distortion is another 
factor we have to take into consideration 
in AM. To understand the principle it is 
first necessary to understand the difference 
between linear and square-law demodulation 
(detection). Detection converts the modu- 
lated wave to intelligence. This may be 
linear or square-law detection. 
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6-82. Linear detection develops an output 
voltage proportional to the voltage of the 
input wave, Linear detection provides the 
necessary nonlinearity for heterodyning to 
occur, but at the same time does not 
amplitude -distort the output voltage from 
the detector. For example, a modulated 
waveform present in the input of a linear 
detector has certain amplitude variations. 
If the detector is linear, the output voltage 
is proportional to the changing amplitude of 
the RF input to the detector, A linear 
detector is basically a rectifier circuit, 
operating in the linear portion of its charac- 
teristic curve. With a square law detector 
this is not the case, 

6-83. A square law detector is a circuit 
in which the output signal current is pro- 
portional to the SQUARE of the RF input 
voltage. The demodulation depends on the 
curvature or nonlinearity of the voltage- 
current curve, rather than on linear recti- 
fication- This means that not only does the 
carrier heterodyne with the sidebands to 
produce the modulating signal, but also the 
sidebands heterodyne with each other and 
generate the second harmonic of the modu- 
lating signal- This causes distortion in the 
output commonly referred to as square law 
distortion. Square law distortion is a direct 
result of second harmonic distortion. The 
amount of distortion can be as great as 25%, 
depending on percent of modulation. Remem- 
ber that square law distortion produces 
an output which is proportional to the square 
of the input. The fidelity of a square law 
detector is poor, compared to a linear 
detector, so it is used only in special 
applications, 

6-84, Cochannel Interference, 

6-85- Cochannel interference is an inter- 
fering signal of the same frequency as the 
desired signal. Figure 6*15 illustrates the 
cochannel interference. Both transmitters 
are operating on the same frequency, pro- 
ducing the same amount of power, and the 
receiver is tuned to their operating fre- 
quency. Even though transmitter 1 is located 
nearer the receiver than transmitter 2, 
both signals MAY be selected, amplified, 
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Figure 6-15, Cochannel Interference 



demodulated, and reproduced, Cochannel 
interference can be reduced by using highly 
directional antennas, 

6-86, Circuit Operation, 

6-87, To get an overall view of the opera- 
tion of the superheterodyne receiver used 
for AM, examine the diagram illustrated 
in figure 6*16,* Notice that it contains all 
of the stages that we discussed in the block 
diagram, 

6-88, The first stage is the antenna- The 
primary of L101 is the antenna; it £nd C101 
and C102A form a resonant circuit. This 
circuit is tuned to resonate at the desired 
RF frequency by tuning the main tuning 
dial of the radio which changes the value 
ofC102-A. Notice that C102-A, C102-B, and 
C102-C are all connected together so they 
change value simultaneously as the main 
tuning dial is adjusted. As an example* 
assume the desired station is 1000 kHz 
modulated with a 5 kHz tone, the resonant 
circuit will be tuned to 1000 kHz, These 
signals are inductively coupled into the 
secondary of L101 through C103 developed 
across R101 and felt on the base of Q101, 
the RF Amplifier, Direct current flows 
from ground through R102, the emitter- 
base junction, R101 and R106 to the AVC 
voltage which is the forward bias network^ 
thenthroughR108 t R109 f R107, andRll5toV cc , 
Direct current is also flowing from ground 
through R102, emitter -collector and the 
primary tap of L102, The RF signals on the 
base cause the forward bias to increase 
and decrease causing the collector current 
to vary, these variations are developed by 
the resonant circuit of L102, C102-B and 
C106, In our example, this resonant circuit 
would be tuned to 1000 kHz and have a 
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Figure 6-16* AM Receiver 
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bandwidth at least 10 kHz wide* Maximum 
signal at the desired frequencies would 
then be inductively coupled to the secondary 
of L102, the input of the frequency converter, 

6-89. The Frequency Converter, Q102, acts 
as the heterodyning (mixer) and local oscil- 
lator stages. The frequency of the local 
oscillator signal is determined by the value 
of L103, C102-C and C110- Direct current 
flows from ground through R104, emitter-* 
collector, through R105 and the primary of 
L1Q3, which are in parallel, and then the 
primary of T101 to Vqq* The oscillator 
portion of the frequency converter is a 



basic Armstrong oscillator. Oscillations 
start the moment the DC power (Vqq) is 
applied to the circuit. At that moment a 
surge of current flows through the tran- 
sistor, and the tank circuit goes into oscil- 
lation* The oscillations of the tank are 
coupled through C109 to the emitter; this 
causes variations in the forward bias which 
in turn causes the DC to vary at the oscil- 
lator rate* These variations in DC through 
the primary of L103 are inductively coupled 
to the secondary of LI 03. The feedback is 
regenerative and of sufficient magnitude to 
sustain oscillations. The secondary of L 103 
is tapped to achieve an impedance match 
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betveen the high impedance tank circuit and 
the low impedance of the emitter circuit. The 
modulated RF signal is inductively coupled 
to the base of Q102 and the unmodulated 
local oscillator signal is coupled to the 
emitter of Q102. Transistor Q102 is biased 
in the nonlinear portion of its operating 
range. Collector current iscontrolledsimul- 
taneously by the oscillator signal and the 
incoming RF signal. The collector current 
will be a complex waveform consisting of 
many frequencies including; the local oscil- 
lator frequencies, the received RF frequen- 
cies, the sum and difference of the local 
oscillator and the received RF frequencies. 
C123 in parallel with the primary of T101 
allows for tuning of the resonant circuit to 
the desired IF frequency. Thus, this tuned 
circuit will develop a relatively large volt- 
age at the IF frequency while the remaining 
frequencies develop very little voltage. If 
the IF frequency is 455 kHz* then our oscil- 
lator should be oscillating at 1455 kHz. 

6-90. The oscillator frequency should 
always differ from the selected station fre- 
quency by an amount equal to the IF. There- 
fore, when tuning the receiver, the oscil- 
lator's frequency must change by the same 
amount as the resonant frequency of the tank 
circuit of the RF amplifier. When this occurs, 
the oscillator is said to "track" the RF. The 
dotted line (figure 6-16) connecting the RF 
amplifier tuning capacitor C102-A and 
C102-B and the oscillator tuning capacitor 
C102-C shows they are gang tuned. 

6-91. For proper operation of the receiver, 
the frequency difference between the two 
tank circuits must remain constant over the 
entire tuning range of the receiver. In other 
words, if the IF of a particular receiver is 
455 kHz, then the difference frequency must 
be 455 kHz when the receiver is tuned to the 
low end of the range (540 kHz) as well as to 
the high end of the range (1600 kHz). 

6-92. Improper tracking will result if the 
RF amplifier is not accurately tuned to the 
proper signal. This will attenuate the signal. 

6-93. Several methods have been developed 
to improve tracking. One of these methods 
is the use of a trimmer capacitor. The 



trimmer capacitor is usually of the com- 
pression mica type, and is mounted on the 
top of the main tuning capacitor. Electri- 
cally, trimmer capacitors are in parallel 
with each section (oscillator and RF), The 
schematic diagram of the oscillator capaci- 
tor and trimmer is shown in figure 6-17. 
The value of the trimmer capacitor is 
usually smaller than its associated 
capacitor. 

6-94, The trimmer compensates for track- 
ing variations at the HIGH end of the tuning 
range. The reason for this can be demon- 
strated by the following example: An oscil- 
lator capacitor, having a range of 10.6 pF 
to 172.6 pF» is paralleled with a trimmer, 
having a range of 2 pF to 17 pF (figure 
6-17). 

NOTE. Values are taken from a 
typical ganged tuning capacitor used 
in broadcast receivers. 

6*95. To determine the effect of trimmer 
variation on total tank capacitance at the 
high frequency end of the tuning range, set 
both capacitors at minimum C2 = 10.6 pF 
and CI - 2 pF). Thus, the minimum capaci- 
tance of the parallel combination will be: 

2 + 10,6 - 12.6 pF 

Maintaining the oscillator capacitor at mimi- 
mum and setting the trimmer to maximum 
(CI s 17 pF) will cause capacitance of the 
combination to increase to: 

17 + 10.6 = 27.6 pF 

Thus, at the high frequency end of the range, 
the trimmer capacitor can cause a change 
in total tank capacitance of: 

27,6 - 12.6 = 15 pF 

Dividing the change in capacitance by the 
original minimum capacitance and multi- 
plying by 100 will result in the percentage 
of change in tank capacitance caused by 
the trimmer: 

{IS* 100 - 119% 
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Figure 6-17, Oscillator Tuning 
Capacitor with Trimmer 



9-96, The effect of trimmer variation on 
total tank capacitance at the low end of the 
tuning range is determined by setting the 
oscillator capacitor to maximum and the 
trimmer to minimum (CI - 2 pF and C2. 
172,6 pF), The total tank capacitance with 
these settings will be: 

2 + 172-6 = 174.6 pF 

Holding the oscillator capacitor at maximum 
and setting the trimmer at maximum will 
increase the tank capacitance to: 

17 + 172-6 = 189.6 pF 

The change in tank capacitance at the low 
frequency end caused by varying the trimmer 
will be: 



189.6 - 174.6 



15 pF 



The change in capacitance of 15 pF is the 
same as the high end; the percentage of 
change, however, is vastly different. 



15,0 
174-6 



x 100 = 6.59% 



6-97, Therefore* you can see that varying 
the trimmer capacitor affects the percent- 
age of tank capacitance to a much greater 
extent (119%) at the high end of the tuning 
range and has relatively little effect (8-5%) 



at the low end. For this reason, the trimmer 
is adjusted at the high frequency end of the 
receiver's tuning range, 

6-96. The modulated signal is IF trans, 
former coupled to the secondary of T1G1, 
another tank circuit tuned to the IF fre- 
quency. The purpose of this tuned circuit 
is to further improve the ability of the 
receiver to pass the desired frequencies 
and to reject the undesired. T101 is tapped 
to match the base impedance of Q103 the 
IF Amplifier. The DC flows from ground 
through R110, through the emitter-base 
junction, the secondary of T101, R109, R107* 
andRllS to VcC' Directcurrent a* 30 flows from 
ground through R110, the emitter- collector, 
primaryofT102iR107,andR115to V cc - The 
signal on the base causes the collector cur- 
rent to increase and decrease at the IF 
rate* The tuned circuit in the collector 
circuit is tuned to the IF rate. The tuned 
circuit in the collector circuit is tuned to 
the IF frequency and develops maximum 
signal at that frequency (455 kHz). This 
signal is coupled through T 1 02 to the 
demodulator. 

6-99. CR101 is the detector- The DC path 
is from ground through the secondary of 
T102 through the diode, R112, Rill, R106, 

R109 1 R107,andR115toVcc* Due to ^ e noru 
linear characteristics of CR101, the IF 

signal will be demodulated and the audio 

signal will be developed across the volume 

control R113, C116 and R112 filter out the 

IF frequencies. 

6-100. The AVC voltage is a positive volt- 
age developed by a voltage divider network 
between Vqq the negative audio signal 
developed at R113. The purpose of the AVC 
is to change the gain of Q101 and Q103 
automatically with received signal strength. 
The voltage developed across R113 is 
averaged out by C117, Rill, C113, R108 t 
R109, Clll, R106 and C104. Averaging out 
this voltage produces a DC voltage to be 
used as forward bias for Q101 and Q103, 
As the received signal strength increases* 
the amplitude of the audio signal at R113 
would get larger- This would cause the AVC 
voltage to become less positive reducing the 
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gain of the receiver. The amplitude of the 
signal at R113 would then return to the 
original value. Note that this is a closed 
loop arrangement resulting in regulation. 

6-101. The audio signal is coupled from 
the volume control through C118 and applied 
to the base of the Audio Amplifier Q104* 
Moving the wiper of R113 away from ground 
will couple a greater amount of signal to 
Q104 and increase the volume. The DC path 
in the audio amplifier is from ground 
through the emitter-base junction, R114 and 
through the primary of T103 to V cc , This 
forward biases Q104* DC also flows from 
ground through the emitter* collector, and 
the primary of T103* The audio signal 
applied to the base causes the forward bias 
to change at the audio rate which in turn 
causes the collector current to vary at the 
audio rate* The variations in current in the 
primary induce the audio signal into the 
secondary of T 103, 

6-102. The audio signal that is coupled into 
the secondary of T103 is applied to the 
bases of Q105 and Q106, 180 degrees out of 
phase. Q105 and Q106 make up a push-pull 
power amplifier* The DC path in Q105 is 
from ground through R117, emitter-base 
junction, one half the secondary of T103 and 
R116 to V cc this forward biases Q105. 
There is a similar circuit for Q106, The 
other DC path for Q105 is from ground 
through R117, emitter. collector and one 
half of the primary of T104 to Vqq* There 
is a similar path for Q106. The audio signal 
applied to the base of the transistors will 
cause the forward bias to increase and 
decrease, as one increases the other is 
decreased* This produces a large current 
change in the primary of T104 which pro- 
duces a large current change in the second-* 
ary, T104 is a step down transformer to 
match the low impedance of the speaker to 
the higher impedance of the collector cir- 
cuits of Q105 and Q106* The speaker pro- 
duces the desired audio signal* 

6-103, The power supply supplies V cc * 
Each stage is connected to Vqq and the 
DC from each stage flows through R119 and 
bridge rectifier and T105 to complete the 
DC loop. 



6-104. FM Transmitter and Receiver 
Systems. 



6*105. The intelligence to be transmitted 
may be imposed as changes in the frequency 
being transmitted. This type of modulation 
is called FREQUENCY MODULATION (FM) 
and has certain inherent advantages over AM 
transmission* 



6-106, In FM, intelligence is conveyed by 
varying the frequency of a constant ampli- 
tude RF carrier. The modulating signal 
varies the carrier frequency to develop the 
transmitted frequency* The AMOUNT of 
carrier frequency deviation depends on the 
amplitude of the modulating signal. The 
louder the sound, the greater the audio 
amplitude and, therefore, the more the 
transmitted frequency differs from the car- 
rier frequency the greater the deviation* The 
RATE at which the modulated frequency 
varies from the carrier frequency—that is* 
the number of excursions above and below 
the carrier frequency — depends on the fre- 
quency or tone of the modulating signal. A 
high frequency tone causes rapid variation 
from the carrier as compared to a low fre- 
quency tone. The amplitude of the trans- 
mitted FM wave remains virtually constant. 



6-107* A very important characteristic of 
FM when compared to AM is that FM is 
comparatively noise free. Noise interfer- 
ence, for the most part, is due to sources 
that are external to the receiver* Noise 
randomly adds to the amplitude of the RF 
wave, AM systems are limited in their 
effectiveness to suppress or eliminate this 
interference because the noise (amplitude) 
variations are demodulated with the intel- 
ligence. In an FM system, amplitude varia- 
tions are clipped off; only changes in FRE- 
QUENCY are demodulated as the intelli- 
gence. This ability of an FM system to 
reduce noise interference also provides for 
very good co-channel interference rejection. 
At the receiver, the desired signal need be 
only twice as large as the undesired signal 
to suppress the interference completely. 
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6-108. Transmitter. 

6-109, Figure 6-18 illustrates a block dia- 
gram of a typical FM transmitter. Each of 
the blocks has been covered in detail in this 
course* The heart of the transmitter is the 
modulated oscillator; an applied audio sig- 
nal causes the frequency of this oscillator 
to change. 

6-110. The intelligence signal is usually 
very weak and is amplified by the audio 
signal amplifier to drive the reactance 
modulator (figure 6*18). The modulator con- 
verts the audio signal into variations in 
reactance. This reactance change is applied 
to the oscillator, causing the frequency of 
the oscillator to change. If tiie audio signal 
is a sine wave, the frequency out of the 
modulated oscillator will deviate the same 
amount above and below the center fre- 
quency of the oscillator. How far it deviates 
depends on the amplitude of the modulating 
signal; how fast it deviates depends on the 
frequency of the modulating signal. 

6-111* In a commercial FM broadcast sys- 
tem, the Federal Communication Commis- 
sion (FCC) has established that the maxi- 
mum deviation shall be limited to ±75 kHz. 
This is designated arbitrarily as 100% modu- 
lation. In a military FM broadcast system, 
the frequency deviation allowed may be re- 
duced to ±40 kHz. In this case, ±40 kHz is 
100% modulation. 

6-112. Let us relate figure 6-18 to an FM 
system using a ±75 kHz frequency deviation. 



Assume the output from the modulated oscil- 
lator is 5 MHz with a frequency deviation 
of 4.2 kHz. Further, assume that the trans- 
mitter has been assigned an output frequency 
of 90 MHz. The most common method to get 
90 MHz from the 5 MHz oscillator would be 
to use two frequency triplers and a doubler. 
The total amount, then, by which the oscil- 
lator frequency is increased is 18 times 
(18 x 5 = 90 MHz). 

6-113, Now, with the FCC limitation, divide 
ing ±75 kHz by 18, we find that the maximum 
deviation at the oscillator for 100% modula- 
tion is 4,167 kHz. 

6-114. A frequency multiplier is nothing 
more than an amplifier, usually operated 
class C, with the output tuned to a harmonic 
of the input. Operating these stages class C 
eliminates any amplitude variations that may 
be caused by the modulator* 

6-115. The driver is an intermediate amp- 
lifier used to develop the power necessary 
to drive the power amplifier* The power 
amplifiers are usually heavy current de- 
vices and require a large input signal. The 
power amplifier increases the power of the 
RF signal so that it can be radiated by the 
antenna, and produce an electromagnetic 
wave of proper magnitude. An important 
fact to remember is the wide bandwidth 
necessary. Whether operating with ±75 kHz 
or ±40 kHz deviation, the driver, power 
amplifier and the antenna must have a 
bandwidth wide enough to pass all of the 
desired sidebands. 
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Figure 6-18. FM Transmitter 
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6-116, Receiver. 

6-117, Figure 6-19 illustrates a block dia- 
gram of a typical FM receiver. You can see 
that it is a superheterodyne receiver very 
similar to those discussed earlier. In fact, 
there is very little difference in AM and FM 
receivers. Due to the similarity between AM 
and FM receivers the discussion of the 
block diagram will be centered on the 
limiter and demodulator. You will be re- 
ferred back to the AM receiver where the 
circuits are similar. 



6-118. The RF amplifier and antenna sys- 
tem are similar to AM, see paragraph 6-47. 
The main difference would be the frequency 
and bandwidth. The band for commercial 
FM is from 88 to 10S MHz, and has a band- 
width of at least 200 kHz. FM is not re- 
stricted to these frequency ranges, these 
are used as examples only. The frequency 
conversion stage is also similar to AM, see 
paragraph 6-59. Again the main difference 
would be frequency and bandwidth. The IF 
amplifiers also are very similar to AM, 
see paragraph 6-67. The frequency and 
bandwidth again being the difference. 



6-119. The function of the limiter in an 
FM receiver is to remove any amplitude 
variations that may be present in the IF 
signal* These amplitude variations may be 
caused by noise or other transmitters on 
the same frequency. These changes in 
amplitude of the IF signal can be demodu- 
lated by the demodulator and be heard in 
the speaker as noise or interference. The 
limiter removes these amplitude varia- 
tions thus the noise and interference is 
removed. The demodulator stage is de- 
signed to produce the audio signal from 
changes in the IF frequency. As the IF 
frequency deviates above and below the 
center IF frequency the demodulator senses 
these frequency changes and produces a 
corresponding change in voltage. If the 
amount of IF frequency change increases, 
the amplitude of the audio signal out will 
increase. If the IF frequency deviates 
faster, the audio signal out will increase 
in frequency. Thus the demodulator pro- 
duces an audio signal whose frequency is 
determined by how fast the incoming fre- 
quency deviates, and whose amplitude is 
determined by how much the incoming fre- 
quency deviates. The audio amplifiers and 
reproducers are the same as AM, see 
paragraph 6-76. 
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Figure 6-19. FM Receiver 
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6-120, Circuit Operation. 

6-12K Figure6-20* illustrates an FM trans- 
mitter. ./Ii.e.t us first esjtablish; the ; direct 
current/ io6p:' ixt each stage* ahd ti>en tracs a 
signal from input; to output/ The direct ^ur^ \ 
rent.in the audio arnpljfter, ; Vl3 f is from [/■ 
ground throufetu R32; -ViJand R30 to *'B'+ -also/' 
from ground through RZZ to the screen grid ' 
h and % R31 to B+. the direct current for the 
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reactance modulator, V2 t is from ground 
through R19 t V2 and RFC3 to B+, also from 
the ground through R19, the screen grid 

. and .1120 to B+,. The DC circuit for the . 
/6$ciUatqjr/ VI, is from; ground through : V ;. 
RFfci;,Vl; >nd L2' to ^ ground ; : : , 

' through R?Ci:to W s^ . 

: B+: The direct xutrent - for //tha, tir$t irb- ' : + \ 
:queti<*y miilitplier, V% [ : is from ground , : 
through V7 and, L4 to B+-. The DC path for ■ 
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the second multiplier, V8> is from ground 
through V8 and L5 to B+. The DC path for 
the third frequency multiplier, V9 is from 
ground through V9 and L6 to B+. The direct 
current flow for the RF driver, V10, 
is from ground through V10 and one half of 
L7 to B+, also current flows from ground to 
the screen grid and RIO to B+, Direct 
current in the RF power amplifier is 
through two tubes, Vll and V12. First Vll, 
the current flows from ground through R13, 
Vll, L8, and RFC2 to B+, also through R13 
to the screen grid and R15 to B+. The direct 
current for the other tube, V12, is from 
ground through R14, V12* L9, and RFC2 to 
B+, also through R14 the screen grid and 
R15 to B+. The B+ connections of each stage 
are all connected to a common power supply 
and the current from each stage flows 
through the power supply to ground to 
complete the circuit. 

6-122. Let us now trace a signal through 
the transmitter. The audio signal is applied 
to the control grid of V13, the audio ampli- 
fier, taken from the plate and coupled to the 
grid of V2, the reactance modulator. The 
audio signal on the grid of V2 causes the 
capacitive reactance V2 represents, to 
change. This change in reactance is felt in 
the tank circuit of VI, the oscillator, caus- 
ing it to change frequency. For example if 
the grid of V13 goes in a positive direction, 
its plate swings in a negative direction. 
This negative signal causes V2 to conduct 
less, the value of X c becomes greater, the 
total capacitance of the tank becomes less 
and the frequency increases. The oscilla- 
tions are coupled from the plate of VI to 
the grid of V7, a frequency tripier. The 
plate of V7 is tuned to the third harmonic 
of the grid signal. This higher frequency 
is applied to the grid of V8, another fre- 
quency tripier. The plate circuit is again 
tuned to the third harmonic of its grid 
signal. The signal on the plate of V8 is 
now 9 times the oscillator frequency, ami 
is applied to the grid of V9, a frequency 
doubler. The plate cf VS is tuned io the 
second harmonic of its grid signal or 18 
times the oscillator frequency. Remember 
the frequency of the oscillator is being 
changed at the audio rate by the reactance 



modulator. This varying RF signal is coupled 
to the grid of V10, the driver, coupled from 
its plate to the grids of Vll and V12> 160 
degrees out of phase. The current changes 
in Vll and V12 being out of phase, produce a 
large current change in L8 and L9 and 
induce a correspondingly large current in 
the secondary, which travels down the trans- 
mission line to the antenna. The antenna 
converts the current and voltage into an 
electromagnetic field which can be radiated 
into space, 

6-123, Figure 6-2l* illustrates an FM re- 
ceiver. Let us first establish the direct 
current loop in each stage, then trace a 
signal from input to output. The direct 
current flow in Q101, the RF amplifier, is 
from ground through R102, the emitter- 
base of Q101 junction, Rioi and R106 to a 
positive voltage. Current also flows from 
ground through R102, emitter- collector of 
Q101 and primary of L102 to V cc . Direct 
current flow in Q102, the frequency con- 
verter, is from ground through R104, 
emitter-base junction of the transistor, 
through the secondary of L102 and R103 
to V£c . DC also flows from ground through 
RI04, emitter -collector of the transistor, 
through the parallel combination of L103 
and R105 and then through the primary of 
T101 to V cc . The DC path in Q103, the IF 
amplifier, is from ground through RUG, 
the emitter-base junction, the secondary of 
TI0\ t through R109 and R107 to V cc , also 
from ground through R110 and emitter- 
collector of the transistor, through the 
primary of T102 and R107 to V cc . In the 
limiter, Q107* the direct current flow is 
from ground through R120 the emitter-base 
junction of Q107. through the secondary of 
T102* R122 and R123 to V cc . Current also 
flows from ground through R121 and R122 
to form the forward bias network for Q107 
and from ground through R120, emitter- 
collector, primary of T106 andR123 to V cc . 
The DC flow in Q104, the audio amplifier, 
is from ground, through the emitter-base 
junction, R114 and the primary of T103 
to V^c * Current also flows from ground, 
through emitter-collector of Q104 and pri- 
mary of T103 to V cc . The DC flow in the 
audio power amplifier iaifrom ground through 
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R117 t emitter-base junction of the transistor, 
one half of secondary of T103 and through 
RU6 to V cc . DC also flows from ground 
through R117, emitter-collector junction* 
and one half the primary of T104 to VqC* 
The audio power amplifier is a push-pull 
circuit. The current flows from ground 
through R118 t through the emitter-base 
Junction of the transistor, one half of T103, 
R116 to Vco also from ground through 
R116, emitter-collector and one half of the 
primary of T104 to Vqq . The Vqq points 
are all common. 

6-124. Using figure 6-21 let us now trace a 
signal through the FM receiver. The RF sig- 
nal is received by the antenna and the RF 
voltage and current are developed in the 
tuned circuit, L101, C101 and C102. The 
tuned circuit develops maximum signal at 
the desired frequency. The signal is induc- 
tively coupled to the base of Q101, the RF 
amplifier. The amplified RF signal is de- 
veloped in the tuned collector circuit of 
Q101 and inductively coupled to the base of 
Q102, the frequency converter. The local 
oscillator signal which is present on the 
emitter of Q102 is heterodyned with the 
incoming RF signal which is applied to the 
base- The collector circuit is tuned to the 
difference frequency. This difference fre- 
quency is transformer coupled to the base 
of Q103, the IF amplifier. The IF signal is 
amplified and coupled from the tuned col- 
lector circuit to the base of the limiter. The 
signal in the collector circuit of the limiter 
is amplitude limited. For example if the 
incoming signal increases in amplitude, the 
signal in the collector does not increase 
accordingly. This limiter is driven to cutoff 
and saturation. The constant amplitude IF 
signal in the collector is, however, changing 
in frequency and is applied to the frequency 
discriminator through C127 and T106. The 
frequency discriminator produces an audio 
voltage across R113, the volume control. 
The audio signal is coupled from the volume 
control through CI 18 to the base of the audio 
amplifier Q104, The amplified audio signal 
is developed in the collector circuit and 
is coupled to the bases of Q105 and Q106 
180 degrees out of phase. This produces a 
large change in current in the collector 



circuits of Q105 and Q106 at the audio rate. 
This change in current in the primary of 
T104 produces an audio signal in the sec- 
ondary which is coupled to the speaker. The 
speaker converts the audio signal into sound 
waves. 

6-125. Single Sideband System. 

6-126. You will remember that a conven- 
tional amplitude- modulated signal consists 
of the carrier and the sidebands. There are 
two sideband frequencies for each modulat- 
ing frequency, one above and one below the 
carrier. Since the same intelligence is 
present in both the upper and lower side-* 
bands, eliminating one sideband before 
transmission results in the advantage of 
using half the spectrum space. Amplitude 
modulated transmission with frequencies 
on one side of the carrier suppressed 
while those on the other side are trans- 
mitted is called SINGLE SIDEBAND (SSB) 
transmission. 

6*127. Transmitter. 

6-128. SSB transmitters suppress one side- 
band; the carrier, also, can be eliminated 
because it contains no intelligence. A 
carrier must be present in the transmitter 
to produce the sidebands, and a carrier 
must be present in the receiver to produce 
the intelligence but they need not be pre- 
cisely the same carrier. In a SSB system, 
the receiver generates a signal that repre- 
sents the carrier so that the sideband may 
be heterodyned with it for detection to take 
place. 

6-129. Let us compare the relative per- 
formance of a conventional AM system and 
a SSB system. Under long range propaga- 
tion conditions, selective fading is likely to 
occur, and its effects are far more harmful 
to the conventional AM signal than to the 
SSB signal. Selective fading results from a 
co mbination of signals at the re ce ive r 
arriving over two or more propagation 
paths of differing lengths. These may re- 
sult in partial cancellation of the carrier 
signal relative to the sidebands. Phase dis- 
tortion of the sidebands, with respect to 
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each other and the carrier, may also occur. 
Tests indicate that, under excellent long- 
range propagation conditions, AM and SSB 
systems perform identically if the power of 
the SSB transmission is equal to the power in 
ONE of the two sidebands of the AM trans- 
mission. Under conditions in which severe 
fading has been observed, successful SSB 
communications have been established when 
conventional AM communications are 
ineffective. 



effective power at the crest of the modulated 
wave. First, let us determine the peak power 
of an AM transmitter. Peak power occurs 
the instant the carrier and the sidebands are 
in phase and add. Using the 150 watt AM 
transmitter mentioned above, there are only 
50 watts of useful intelligence power* Tofind 
peak power, we use the formula: 



P = 



6-130. The SSB system is less subject to 
interference than an AM system because it 
occupies only half the bandwidth of the AM 
system. Remember that noise occurring in 
the bandwidth of the system causes inter- 
ference; half the bandwidth results in half 
the noise. 

6-131. The differences between SSB and 
AM systems that we have discussed, thus 
far* include the reduction or elimination of 
the high power carrier, a reduced spectrum 
requirement, and a more useful signal in 
the presence of selective fading and 
interference. 



The values of resistance and voltage can be 
any ratio that will equal power. Since power 
of the carrier is 100 watts, if we assume R 
to be 100 ohms, we find the carrier E to be 
100 volts and each sideband £ to be 50 volts, 
as follows: 

H 2 



P = 



100W 
„2 



B 
R 

100 



= 10,000 V 



6-132. Benefits of the SSB system arise 
primarily from the higher overall efficiency 
of generation and use of sideband power. 
For example, an AM transmittertransmitting 
150 watts average power has 100 watts in 
the carrier and 25 watts in each sideband. 
The 25 watts in one sideband is, therefore, 
1/6 the total power transmitted. Since the 
energy of the intelligence is contained in 
the sidebands only, then only 50 watts of 
the 150 watts is useful power* By suppressing 
the carrier and one sideband, the SSB trans- 
mitter need only produce 25 watts of power 
for the same intelligence power as a 150 watt 
AM transmitter. Inordertomore clearly dis- 
tinguish between the maximum useable power 
of an AM signal and an SSB signal, we must 
first determine the peak power of the two 
signals and then determine their peak intel~ 
ligence power. 

6-133. Up to now* we have usually referred 
to the power in the AM wave as the "average" 
power. To describe the power of the SSB 
signal, we refer to "peak" power, or the 



E = 



25W 
„2 



E = 



100 V 

2 



100 

2500 V 
50 V 



To compute peak power, we add the voltage 
of the carrier and the two side bands. 
Thus, 



p _ (100+50+50) 
pk = 



100 



200 _ 40000 
100 100 



= 400 W 



Observe that the peak power is 400 watts. 
We can see, therefore, that the 150-watt 
AM transmitter must be capable of sup- 
plying 400 watts. If we now compute the 
peak power in the sidebands only, we find 
that it is 100 watts* 
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Figure 6-21, FM Receiver 



pk 



(50+50) 
100 



100 
100 



10000 
100 



100 watts 



Therefore, the intelligence peak power is 
only 1/4 the total transmitted peak power. 

6-134. To show how SSB transmission in- 
creases maximum useable power, we will 
use an AM transmitter as an SSB trans* 
mitter. Eliminating the carrier and one 
sideband allows the full capability of the 
transmitter to be used for transmitting a 
single sideband. Thus, one sideband will 
now have the entire 400 watts of peak power 
for intelligence, as compared to 100 watts 



in AM transmission. This increase in power 
(4 times} referred to in decibels is equi- 
valent to a o dB increase* 

6*135. The primary disadvantage of the 
SSB system is complexity. Part of the com- 
plexity is due to the SSB modulators and 
filters required in the transmitter, but the 
main source ol complexity is the require- 
ment for generating a representative car- 
rier frequency in the receiver. The SSB 
system requires frequency stability be- 
tween the transmitter and receiver; if the 
transmitter frequency is 1 megahertz, the 
maximum amount of frequency drift between 
transmitter and receiver is 2 hertz. 
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Figure 6-22, Single Sideband Transmitter 



6-136. Figure 6-22 illustrates a basic 
single sideband transmitter* Let us discuss 
the purpose and characteristics of each 
block, A single sideband transmitter needs 
an oscillator to produce (he RF carrier as 
did an AM transmitter. The carrier will be 
used to produce the desired sidebands. In 
single sideband the need for FREQUENCY 
STABILITY is very important. Remember 
that we will not transmit the carrier but 
that it must be reinserted in the receiver. 
The receiver will have an oscillator that 
will reinsert the carrier and it must be 
the SAME frequency as the carrier oscil- 
lator in the transmitter. Thus the carrier 
oscillator must be very stable and its exact 
frequency known so the receiver oscillator 
can be tuned to that frequency. The carrier 
oscillator produces the desiredRF frequency 
and couples it to the balanced modulator. 
The balanced modulator is us^d to combine 
the intelligence signal (audio) with the car- 
rier and produces the sidebands. The audio 
signal originated as soundwaves converted 
to an audio signal by the microphone and 
amplified to the proper level by a linear 
wideband audio amplifier. The amplified 
audio is coupled to the balanced modulator. 
The balanced modulator is a nonlinear im- 
pedance that combines the audio and carrier 
which will produce the sidebands. The modu- 
lator is balanced so the carrier is not 
present in the output. Thus, the balanced 
modulator produces the sidebands but also 
eliminates the carrier. The output of the 
balanced modulator is the upper and lower 



sidebands. In single sideband we want to 
transmit only one sideband, either the upper 
or the lower, depending on the system, 

6 - 1 37, The output of the modulator is 
applied to a filter (figure 6-22), In SSB 
equipment, this filter is usually referred 
to as a bandpass filter, (Recall that a 
bandpass filter allows only a selected band 
of frequencies to pass,) The SSB filter 
will pass one sideband and highly attenuate 
the other sideband (and the carrier, if 
present), 

6-138* The filters can be of the LC» 
crystal, or mechanical type. Present me- 
chanical filters cover the frequency range 
from 200 to 600 kHz, They have excellent 
rejection characteristics and are extremely 
rugged. Because of their advantages, they 
have been employed in most SSB systems, 

6-139. One type of mechanical filter is 
the cylindrical arrangement with disk reso- 
nators interconnected by coupling rods, as 
shown in figure 6-23, This filter is a 
mechanically -resonant device, which re- 
ceives electrical energy, converts it into 
mechanical energy, and then converts this 
energy back into electrical energy . The 
basic elements of this device are: 

1, An input transducer which converts 
electrical energy into mechanical energy, 
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Figure 6-23. Mechanical Filter 



2, A resonant section which contains 
mechanically resonant metal disks and 
coupling rods which couple energy between 
the disks. 

3. An output transducer which converts 
the mechanical energy back into electrical 
energy* 

6-140. The input and output transducers 
operate on the principle of magnetrostriction. 
Magnetostriction is the property of certain 
ferro-magnet materials to change dimen- 
sions when placed in a magnetic field. Each 
transducer has a permanent (bias) magnet, 
electromagnet, and drive rod for coupling 
energy. 

6*141, When a signal is applied to the input 
transducer coil, the driving rod is attached 
to the first resonant disk, these rod varia- 
tions will excite the disk. The input signal 
is usually the two sidebands; maximum 

transfer of energy, however will be at the 
resonant frequency of the disk. The magnetic 
field set up by the input signal either aids 
or opposes the magnetic field set up by the 
bias magnet, and results in a linear change 
in rod dimensions. 



6-142. As the remaining disks are physi- 
cally coupled to the first disk by the metal 
coupling rods, they will go into vibration. 
When the mechanical energy causes the 
last to vibrate, this motion is trans- 

ferred to the output driving rod. This rod 
is also of magnetostrictive material and 
the variations in its length* causes its 
permeability to vary. Since permeability is 
one factor that determines the number of 
magnetic lines of force, a variation in 
rod permeability will vary the total num- 
ber of flux lines in the output circuit. 
These varying flux lines, in turn, induce a 
voltage into the output coil. The output 
will be the desired sideband frequency. 

6*143. The amount of energy coupled to a 
disk is determined by the coupling rod 
dimensions. Increasing the rod diameter 
results in a larger amount of energy ap- 
plied to the following disk. By varying the 
rod diameter, the bandwidth of the filter 
is changed, A larger diameter coupling 
rod increases the filter bandwidth. 

6-144. The response curve of a typical 
mechanical filter is shown in figure 6-24. 
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Note the narrow bandwidth and how rapidly 
the curve drops from 3 dB to 60 dB 
attenuation, 

6-145. In most single sideband transmit- 
ters modulation is accomplished at a low 
frequency level for stability. But the actual 
transmitted frequency may need to be much 
higher* The output of the filter (desired 
sideband) is applied to a frequency con- 
verter (mixer), to raise the sideband fre- 
quency. Note the mixer stage is a hetero- 
dyning stage, and combining the sideband 
with RF oscillations of a higher frequency 
produces new sidebands of high frequencies. 
The heterodyning action of the mixer pro- 
duces a sum and difference frequency, but 
as before we desire only one set. The mixer 
has a tuned circuit that will develop and 
couple to the driver only the desired set* 
The driver is an intermediate amplifierused 
to develop the power necessary to drive the 
power amplifier. The driver is a tuned 
linear amplifier to assure the amplification 
of the desired band of frequencies. The 
power amplifier is a tuned linear amplifier 
used to increase the power level of the 
desired RF signal so that it can be radiated 
by the antenna and produce an electromag- 
netic wave of proper magnitude, The driver 
and the power amplifier are linear ampli- 
fiers so that unwanted harmonics are not 
generated. 
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Figure 6-24- Response Curve 



6-146* SSB Receivers, 

6-147, Figure 6-25 illustrates a block dia- 
gram of a typical SSB receiver* You zan see 
that it is a superheterodyne receiver, very 
similar to those discussed earlier. In fact, 
there is very little difference in AM and 
SSB receivers. The only real difference is 
that SSB uses an oscillator to reinsert the 
carrier, and a product demodulator. Due to 
the similarity between AM and SSB receivers 
the discussion of the block diagram will be 
centered on the oscillator and demodulator. 
You will be referred back to the AM re- 
ceiver when the circuits are similar, 

6-148, The RF amplifier and antenna system 
are similar to AM, see paragraph 6-47, The 
main difference would be the bandwidth, SSB 
is narrow compared to AM+ The frequency 
converter stage is also similar to AM, see 
paragraph 6-59, as is the IF amplifier, see 
paragraph 6-67, The main difference in the 
converter and IF amplifier wouldbe the band- 
width of the stages. They are narrow when 
compared to AM- In fact they would have a 
bandwidth one-half that of AM to pass the 
same intelligence signal, 

6*149, The function of the demodulator is 
to remove the intelligence (audio) signal from 
the carrier. In order to accomplish this, it 
must be supplied with the sidebands and the 
carrier. The sidebands are supplied by the 
IF amplifier and the carrier by the reference 
frequency oscillator- This oscillator is tuned 
to exactly the same frequency as the carrier 
oscillator in the transmitter. Because ofthis 
requirement this oscillator must also have a 
high degree of amplitude and frequency 
stability. The oscillations from this oscil- 
lator are heterodynded with the sidebands 
from the IF amplifier in the demodulator 
which is a nonlinear device. The difference 
frequency produced is the same as the 
original intelligence (audio) signal in the 
transmitter. As the audio is developed the 
carrier and sideband frequencies are filtered 
out. The audio signal is coupled to the audio 
amplifier* The audio amplifiers and repro- 
ducer are the same as AM* see paragraph 
6-76. 
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Figure 6-25. Block Diagram SSB Receiver 



6-150. Circuit Operation. 

6-151. Figure 6-26* illustrates a SSB trans- 
mitter. Let us first establish the direct 
current loop in each stage and then trace a 
signal from input to output* The direct cur- 
rent in the audio or speech amplifier Q101 
is from ground through R102 the emitter- 
base junction of Q101, in parallel with R101, 
then R118 and primary of T102 to Vcc for 
forward bias. Current also flows from 
ground through R102, emitter- collector and 
T102 to V cc . The DC path in the carrier 
oscillator Q102, is from ground throughR105 
and the emitter-base junction which is in 
parallel with R104 t then through R103toV cc 
for forward bias. Current also flows from 
ground through R105, the emitter-collector 
of the transistor and the primary of T103 to 
Vqq . The direct current flow in the mixer 
Q104, is from ground through Rill, the 
emitter-base junction of Q104, R110 to Vgg 
for forward bias. Direct current also flows 
from ground through Rill, the emitter- 
collector and the primary of T106 to V CC- 
The direct current flow in Q103 the second 
oscillator is from ground through R107, the 
emitter-base junction of the transistor in 
parallel with R106, then through R108 to 
for forward bias. Direct current also 
flows from ground through R107 t through the 
emitter-collector, RFC101 and R109toV cc . 
The DC path for the driver stage, V101, is 
from ground through R113 t VI 01, and 
RFC 102 to B+. The screen current flows from 
ground thru Rl 13, V101,RU4toB+, The DC 

♦Figure 3 in KEP-GP-70 
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path for the last stage, the power amplifier 
V102, is from ground thruRl 16, V102,and 
RFC103toB+. Screencurrentflowsfrom 
groundthruR116. V102* and Rill to B+. 

6-152. The V cc connections of Q101, Q102, 
Q103 and Q104 are all connected to a com- 
mon low voltage power supply. The current 
from each stage flows through the power 
supply to ground to complete the closed DC 
loop. The B+ connections of V101 and V102 
are connected to a common high voltage DC 
power supply. The current from each stage 
flows through the power supply to ground, 
completing the loop. 

6- 1 53. The intelligence signal (audio) is 
coupled through T101 to the base of Q101, 
the audio amplifier. The amplified signal in 
the collector circuit is transformer coupled 
through T102 into the balanced modulator. 
The carrier is produced by the oscillator 
stage* Q102. The oscillator frequency is 
controlled by the crystal, Y101. The oscil- 
lator signals are transformer coupled by 
T103 to the balanced modulator. The bal- 
anced modulator produces upper and lower 
sidebands and these sidebands are trans- 
former coupled through T104 to the side- 
band filter. Remember, the balanced modu- 
lator eliminates the carrier. The sideband 
filter will only pass a very narrow band of 
frequencies, our desired sideband, either the 
upper or the lower. Thus the output of the 
filter is just the desired sideband and it is 
transformer coupled by T105 to the mixer. 
The sideband' frequencies are developed on 
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Figure 6-26. SSB Transmitter 



the base of Q104, while higher frequency 
oscillations are applied to the emitter. These 
higher frequency oscillations are developed 
in the second oscillator stage, Q103. The 
frequency of oscillations is controlled by 
Y102, and the output is coupled through 
C110 and developed across Rill. The mixer, 
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Q104, having two different frequencies 
applied and operated as a non-linear device 
will produce new frequencies. The collector 
load of Ql 04 is tuned to the frequency of 
the desired sideband which is transformer 
coupled by T106 into the tuned grid circuit 
of V101, the driver. The desired sideband 



developed on the grid of VI 01 is amplified 
and developed in its plate. This amplified 
RF signal is applied to the grid of the 
power amplifier, Y102- The signal on the 
tuned grid produces a large current change 
in the tuned plate circuit. This signal is 
transformer coupled by T107 to the antenna- 
The antenna converts the current and volt- 
age into an electromagneic field. 

6-154- Figure 6-27* illustrates a SSB re- 
ceiver schematic diagram. Let us first 
establish the direct current loop for each 
stage, then trace a signal from input to 
output- The direct current flow in Q101, 
the RF amplifier, is from ground through 
R102, through the emitter-base junction, 
R101 and R106 to the AVC circuit- For the 
development of the AVC voltage see para- 
graph 6-100- Current also flows fromground 
through R102, the emitter-collector and the 
primary of L102 to V cc - The DC path in 
Q102, the frequency converter, is from 
ground through R104, emitter-base junction, 
the secondary of L102 and R103 to V cc - 
DC also Hows from ground through R104, 
emitter- collector, through the primary of 
L1C3 and R105 which are in parallel, and 
then through the primary of T101 to Vp C - 
The DC path in Q103, the IF amplifier 
circuit is from ground through R110, through 
the emitter -base junction, the secondary of 
T101, R109 and R107 to V cc , also from 
ground through R110, emitter-collector, 
primary of T102 and R107 to V cc - The 
direct current in Q107, the product demodu- 
lator circuit, is from ground through Rl 20, 
the emitter-base junction and the secondary 
of T102 which is in parallel with R121, and 
then through R122 to V cc to establish for- 
ward bias for Q107- Current also Hows from 
ground through R120, emitter- collector, 
L104, and R123 to V cc . DC in the reference 
frequency oscillator Q108 is from ground 
through a part of L105, R125, emitter-base 
junction, R124 and RFC101 to V cc for 
forward bias of Q108- Also DC flows from 
ground through a part of L105, R125 emitter- 
collector and RFC101 to V cc - The direct 
current flow in Q104, the audio amplifier, 
is from ground, through the emitter-base 
junction, R114 and the primary of T103 to 
V CC as forward bias for the transistor, 

♦Figure 4 in KEP-GP-70 



Current also flows from ground, through to 
the emitter -collector, and the primary of 
T103 to Vcc- The DC flow in Hre audio 
power amplifier Q105 and Q106, is from 
ground through R117, emitter-base junction 
of Q105 one half of the secondary of T103 
and R116 to V cc for forward bias- DC also 
flows from ground through R117, emitter-* 
collector and through one half of T104 to 
V C c ■ The auciio Power amplifier is a push- 
pull amplifier, therefore current flows from 
ground through R116, emitter-base junction 
of a Q106 t the other half of T103 and R116 to 
Vcc as forward bias-Current also Hows from 
ground through R116, emitter- collector and 
the other half of T104toV C c -TheV C c points 
are common and all current flows through 
the power supply to ground, completing the 
closed DC loop- 

6-155- Using figure 6-27 let us now trace a 
signal through the SSB receiver- The RF 
signal is intercepted by the antenna which 
produces RF voltages and currents- The de- 
sired RF signal is developed in the antenna's 
tuned circuit- The signal is inductively cou- 
pled to the base of Q101, the RF amplifier. 
The amplified RF signal is developed in the 
tuned collector circuit and inductively cou- 
pled to the base of Q102 t the frequency 
converter- A local oscillator signal is 
present on the emitter of Q102 and the 
incoming sideband RF signal is on the base. 
The difference frequency is developed by the 
tuned tank of the collector circuit and trans- 
former coupled to the tuned base of Q103, 
the IF amplifier- The IF signal is amplified 
and coupled from the tuned collector circuit 
through T102 to the base of Q107 t the 
product demodulator- Q108 is the reference 
frequency oscillator which is tuned to the 
exact same frequency as the carrier oscil- 
lator in the transmitter- The oscillations 
produced are coupled through C125 and 
developed across R 120, the emitter resistor 
of the demodulator- With the sideband fre- 
quencies on the base the carrier frequency 
on the emitter, and the transistor Q107 
operated in the nonlinear portion of its 
operating range, new frequencies are pro- 
duced by heterodyning. Of these frequencies, 
the difference frequency will be equal to the 
original audio signal used in the transmitter. 
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The sidebands and carrier are filtered out 
by the filter in the collector circuit and the 
audio is developed across RU2 and the 
volume control, R113. The signal is coupled 
from the volume control through CU6 to 
the base of Q104, the audio amplifier. The 
amplified audio signal is developed in the 
tuned collector circuit and is coupled by 
T103 to the bases of Q105 and Q106, 180 
degrees out of phase. This produces a large 
change in current in the collector circuits 
of Q105 and Q106 at the audio rate. This 
change in current in the primary of T104 
produces an audio signal in the secondary 
which is coupled to the speaker. The speaker 
converts the audio signal into sound waves. 



6-156, Pulse Modulation System* 

6-157. Pulse modulation is defined as mod- 
ulation of a carrier by pulses. Pulse modu- 
lation is used in many applications; such 
as telegraphy, telemetry, multiplexing and 
radar. In pulse modulation a pulse is used 
to control when and for how long the trans- 
mitter produces an output and how much 
of an output is produced. An example of 
pulse modulation is in time-division multi- 
plexing. Multiplexing is a technique of com- 
bining multiple independent intelligence 
channels into a composite signal which in 
turn is transmitted to companion receiving 
system and restored to individual channels. 




Figure 6-27. SSB Receiver 
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6-158* In order to separate the messages 
in time, each message is transmitted for a 
brief period of time in a regular sequence. 
This process is called SAMPLING. The 
receiver separates the samples and recon- 
structs the original message from these 
samples. Various types of pulse modulation 
can be used to accomplish time -division 
multiplexing. 

6-159. PULSE -AMPLITUDE MODULA- 
TION (pam) is used for time-division multi- 
plexing. In this method, the signal is sampled 
periodically, producing a pulse whose ampli- 
tude is proportional to the amplitude of the 
signal at the instant of sampling* A pam 
signal is shown in part B of figure 6-28, The 
rate of sampling is based on the highest AF 
signal to be transmitted. Experiments have 
shown that a minimum sampling rate for 
good receiver reproduction is 2 1/2 times 
per cycle. In the figure, note that the 
sampling produces pulses at regular, pre* 
determined sampling points, and that the 
amplitude of each pulse is proportional to 
the amplitude of the modulating signal at 
the point of sampling. The receiver, sensing 
the changing amplitude of the evenly spaced 
pulses, can reproduce the modulating audio- 
frequency signal. 

6*160. Another method of time-division 
multiplexing is called PULSE -DURATION 
MODULATION (pdm)* A pdm signal is shown 
in part C of figure 6-28. Here, the pulse 
width, or duration, of each sample pulse is 
proportional to the amplitude of the modu- 
lating signal at the point of sampling* Thus 
the receiver, sensing the changing width of 
the pulses can reproduce the modulating 
signal. This method is less affected by 
noise than the previously discussed pam 
method. The sampling rate is determined 
in the same manner as for pam. One dis- 
advantage of the pdm method is that, be- 
cause of the variations in pulse width, the 
transmitter output will vary or be irregular. 
Another disadvantage, which also applies to 
the pam method, is that any distortion in 
pulse shape amplitude, or duration, will 
affect the intelligence to some extent. 

6 161* A third method of time-division 
multiplexing used in military equipments is 



PULSE POSITION MODULATION (ppm). 
To overcome the disadvantage of distor- 
tion, as discussed for pam and pdm, the 
pulses are maintained at a constant ampli- 
tude and pulse width. A ppm signal is 
shown in part D of figure 6-28. The trailing 
edge of the ppm pulse is used to deter- 
mine the sampling rate and, consequently 
the maximum frequency of the modulating 
signal. This multiplexing method can be 
varied by shifting the leading edge at the 
sampling time and allowing it to return 
to center position when no modulation is 
present. This form of modulation is a 
variation of ppm. 

6-162* Each type of pulse modulation dis- 
cussed in this section is succeedingly less 
affected by noise than the preceding type* 
Thus, pdm is less affected by noise than 
pam, and ppm is less affected by noise than 
pdm* The method which is least affected by 
noise Is PULSE -CODJ3 MODULATION 
(pern). When using this method* a predeter- 
mined code based on an arbitrary number 
of steps or degrees of amplitude in the 
modulation voltage establishes the pulses. 

6-163. The pulse code used is complex* 
The number of steps required to satisfac- 
torily reproduce the modulation voltage has 
been determined by research and experi- 
mentation. A pem signal is shown in part E 
of figure 6-28. The number of pulses in each 
pulse group represents the amplitude of the 
modulating signal at the point of sampling. 
Therefore, the receiver can detect and re* 
produce the modulation component. 

6-164* Another form of pulse modulation^ 
and one that is widely used, is line pulsing 
modulation as used in radar* Let us use a 
pulse modulated radar system to illustrate 
how a pulse modulated system functions. 
Remember this is just an example to illus- 
trate the principles of pulse modulation* 
Figure 6-29 illustrates a block diagram of a 
simple radar system* 

6-165* The principles of radar are rela- 
tively simple* A transmitter sends out EF 
waves. An object in the path of these waves 
reflects some of the wave energy back 



6-32 



toward the transmitter. A receiver* Located 
near the transmitter, receives this reflected 
wave energy, amplifies and demodulates it, 
and sends intelligence to an indicator. 

6-166, A radar transmitter may send out 
CW, FM, or pulse modulated signals. How- 
ever* pulse modulated systems are the most 
common radar systems used. In pulse radar, 
the frequency of the RF wave radiated is 
usually in the microwave region and the RF 
signal Is transmitted at definite time inter- 
vals- It is this form of pulse system that 
we will discuss in this text. 

6-167. The master timer acts as a master 
control for synchronizing the entire system. 
It determines pulse recurrent frequency 
(PRF). 

6-168, The modulator, as a separate com* 
ponent* shapes the voltage wave that is 
applied to the transmitter. The power that 
drives the transmitter comes from the 
modulator, 

6-169. The transmitter produces the RF 
wave to be radiated; the power amplifier 
increases the RF power, 

6-170. The duplexer is a switching unit to 
provide a means of using a single antenna 
for transmuting and receiving. During trans- 
mission, the duplexer connects the antenna 
to the transmitter; then* during reception 
the duplexer connects the ant?nna to the 
receiver. A pulse radar system transmits a 
pulse and M listens" for a return echo of 
part of that pulse energy. Pulse radar can- 
not receive while transmitting; it transmits, 
then receives. 

6*171. The receiver, ususaily a super- 
heterodyne type, receives, amplifies, and 
demodulates the returned signal. 

6- 1 72, The three remaining blocks are 
part of the indicator: The sweep circuit 
causes the trace on the CRT to move at 
the desired rate and in the desired direc- 
tion. The range mark generator develops 
signals used as time or distance markers. 
The indicator is the CRT which displays 
the intelligence information. A mechanical 
linkage {dotted line) is part of the synchro 
system to provide synchronization between 
the antenna and the indicator. 



6-173. Any pulse modulated radar trans- 
mitter is turned on to radiate a pulse of 
energy, and is then turned off while the 
receiver receives reflected energy. 

6-174. Pulse recurrence frequency (PRF) 
is the frequency at which pulses are trans- 
mitted by a pulse modulated system. PRF 
is expressed in pulses per second. Pulse 
recurrence time (PRT) is the time between 
the start of one transmitted pulse and the 
start of the next transmitted pulse. PRT 
can be found by taking the reciprocal of 
the PRF- 

1 



PRT = 



PRF 



6-175. In 1 second, RF energy travels 
161,750 nautical miles, 6.18 microseconds 
per mile. The time required for an RF 
pulse to travel 1 mile out to a target and 
return, therefore, is 12,36 microseconds; 
this is called a "radar mile." 

6- 176. A radar transmitter cannot be 
allowed to fire at just any time; its pulse 
recurrence must be carefully controlled. 
There is a definite maximum and minimum 
PRF for each radar set. For great distances 
the PRF will be low and for short ranges 
the PRF will be high. For a system with a 
maximum range of 100 miles, the minimum 
PRT is in excess of 1236 microseconds. A 
typical time for 100 miles would be 1250 
microseconds of which 1236 microseconds 
is needed to receive and present received 
signals, leaving 14 microseconds for the 
transmitted pulse and necessary recovery of 
the indicator system. Since frequency is 
equal to one divided by the time interval: 



PRF = 



PRF = 



PRF 



1 



PRT 



1250 x 10 

l.QOO.OQO 
1250 



-6 



PRF = 800 pps 

Thus, the pulse recurrence frequency for a 
100 mile range radar is 800 pps. 
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Figure 6-28, Pulse Modulation, Waveforms 
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6.177, Pulse width is a prominant factor 
of pulse formation, A minimum range dif- 
ference at which two targets can be resolved 
varies directly with the width of the trans- 
mitted pulse. With a microsecond pulse, 
targets at the same angle from the trans- 
mitter can be resolved if they differ in 
range by more than 164 yards. With a 5 
microsecond pulse, this limit for separating 
the targets becomes 820 yards. 



A Peak power x pulse width 
Average power = ppj 



p Dk x PW 

or P P K 

av ~ 



PRT 



Since PRT = l/PRF, average power can be 
written as 



6-178* Another important item is the shape 
of the pulse. Theoretically, the pulse must 
be rectangular. In practice, the dimensions 
are exacting. For instance, the leading edge 
must have a definite rise time to properly 
start the transmitter. The pulse applied to 
the transmitter is the excitation voltage of 
the oscillator. The pulse must be as flat 
as possible, or the change in voltage will 
modulate the RF wave. Stable functioning of 
any oscillator demands that the excitation 
voltage be constant. This holds true in radar, 
even though the time the voltage is applied to 
ihe oscillator is extremely short. The trail- 
ing edge of the pulse must be sharp, to allow 
fast switching from transmit to receive. 

6-179, The next problem is that of power, as 
related to pulse dimensions. The distance a 
radar is able to detect a target depends, in 
part, on peak power and average power. 

6-180. Just what is peak power and what 
is average power? Peak power is the maxi- 
mum power which a set radiates during a 
pulse of RF energy. Average power is the 
power averaged over the entire pulse repe- 
tition period. 

6-181. To determine average power, we 
must know peak power, pulse width, and 
pulse recurrence frequency. The amplitude 
of the pulse determines peak power, which 
is limited by the ability of circuit elements 
to withstand the stress of higti voltage. 
Remember that PRF is a factor of maximum 
range, 

6,182, Once the PRF is set, PW is the 
remaining factor which can be adjusted to 
allow for a proper level of average power. 



av 



p pk x PW x PRF 



The modulator power supply must be capable 
of supplying the peak and average power 
transmitted, 

6-183, The pulse used to control the gen- 
eration of PRF power in the transmitter is 
developed in the modulator. Figure 6-30 
is a block diagram of a radar transmitter 
using a line -pulsing modulator. This type 
modulator stores energy and determines 
the output pulse width, 

6-184. In the pulsing modulator the power 
supply supplies the voltage for the Pulse 
Forming Network (PFN), The pulse form- 
ing network is a reactive device that stores 
the energy (voltage) and determines the 
pulse width. The charging choke and diode 
are used to allow the PFN to charge to 
nearly twice the power supply voltage. The 
PFN storing the energy is connected to a 
switch. This switch is usually a gas triode 
(thyratron) and is activated by a pulse from the 
timer which establishes the PRF, When the 
switch is closed, the PFN supplies energy thru 
the pulse transformer to tne tr&ftemittihg tube. 
Thedurationofthls voltage pulse is deter- 
mined by the PFN. The pulse transformer 
must be specially designed because there 
are very high frequency components present 
in a rectangular pulse of short duration. In 
general, a good pulse transformer must 
have low leakage inductance, low interwind- 
ing capacitance, and high primary induct- 
ance. The transmitter tube is a high fre- 
quency, high power oscillator. This oscil- 
lator circuit in most radar sets has a 
special microwave oscillator tube designed 
to operate at very high frequncies and to 
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Figure 6-30. Typical Pulsed Radar Transmitter 



produce large amounts of power. Regards- 
less of the particular type oscillator circuit 
used, the oscillator will only produce oscil- 
lations in the output during the time the 
PFN supplies it with energy* The pulse of 
oscillations produced are coupled from the 
power oscillator to the antenna which con- 
verts it into an electromagnetic field which 
radiates into space* This electromagnetic 
field contains the oscillator frequency and 
all of the sidebands caused by pulse modu- 
lation* Thus the antenna and transmission 
lines used must be wideband devices. 

6-185. Circuit Operation. 

6-186* Figure 6-31* is the schematic dia- 
gram of a pulse modulated transmitter* This 
transmitter has two power supplies; one to 
furnish a po sitive charging voltage for the 
♦Figure 4 in KEP-GP-71 



PFN and also the screen voltage for the 
oscillator. The other power supply develops a 
negative voltage for bias on the thyratron* 
Let us establish the direct current loop in 
each stage and trace a signal from input to 
output* Direct current flows from ground 
through the cathode to screen grid of V106. 
through RFC 101; all of this is in parallel 
with R102* The current then flows through 
R101 to the positive power supply. This net- 
work develops the screen potential for the 
oscillator* Direct current flows from ground 
through the secondary of T102 through V103, 
L102, R103 and R104 to ground, to establish 
bias on V105* There is another direct cur- 
rent loop, but it is a little more complex. 
This is the charging and discharging of 
the PFN P The PFN is a reactive device 
consisting of L104, L105, C107 and C108* 
The inductive values of L104 and L205 are 
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very small when compared with the Inductive 
value of L103, the charging choke- Because 
of this small inductance of the PFN when 
compared to L103, they will be assumed to 
be a short. Thus, the two capacitors are in 
parallel} and capacitance (C^) is equal to 
the sum of both. L103 and C t form a series 
LC circuit that is resonant at a frequency 
equal to one -half the PRF* For example, it 
the PRF is 2000 pps, the resonant frequency 
of L103 and C t is 1000 Hz. The reason for 
using a resonant frequency that is equal to 
one-half the PFR is to insure that the pulse 
forming network is fully charged. The time 
required for the voltage across to reach 
its maximum value is equal to or less than 
the time between pulses. If the PRF is 2000 
pps, the time between pulses is 500 micro- 
seconds* The direct current to charge the 
PFN is from ground through the primary of 
T103 to C107 and C108. Electrons leave the 
top plates, flow through L104 and L105, 
V104 and L103 to B+, through the power 
supply to ground* As capacitors C107 and 
C108 are charging, and current is flowing 
through L103 a large field is built up. As the 
capacitors charge to the power supply volt- 
age, the amount, of current flow decreases. 
This allows the field aroundL103 to collapse, 
causing current to continue to flow in the 
same direction continuing to cnargeC107and 
C108 to nearly twice the power supply voltage. 
When the field around L103 has collapsed, 
C107 and C108 being charged to nearly 
twice the power supply voltage would try 
to discharge* however they are prevented 
from doing so by V104 the charging diode. 
Thus the PFN is now charged to approxi- 
mately twice the power supply voltage and 
will hold this charge until a trigger is 
applied to the switch, V105, 



6-187. During the time the PFN is charg- 
ing VI 05 is cut off. When a positive trigger 
is applied to the grid, coupled through C106 
and developed across R104, the tube con- 
ducts (switch closed) and provides a dis- 
charge path for the PFN. The capacitors 
C107 and C108 start discharging through 
T103* V105, L104 and L105, As they 
discharge a field is built up around L104 
and L105* and as C 107 and C 108 discharge, 



the amount of current flow starts to dimin- 
ish. The field of L104 and L 105 collapses 
keeping the current flow nearly constant until 
the capacitors and inductors are discharged, 
then the current falls to zero. A rectangular 
pulse is thus developed across the primary 
of T103, the duration of which is equal to 2 
LC. When the PFN has discharged, VlOSwill 
cut off, and the PFN will recharge* The 
impedance of the PFN and the primary of 
T103 are matched to develop maximum 
power transfer. This results in one half the 
voltage of the PFN being developed across 
the transformer T103, which is transformer 
coupled to the plate of V106, the oscillator. 
Note that during the slow charge of the PFN 
through T103, a voltage was induced on the 
plate of V106 but it was negative. This will 
not produce oscillations in the output When 
the PFN discharges, a positive voltage pulse 
is induced in the secondary of T103, This 
causes current to flow from ground through 
V106, the primary of T104, secondary of 
T103 to ground. V106 is an oscillator with 
the screen grid acting as the plate circuit 
and developing the necessary feedback 
through C112, Thus the oscillator is oscil- 
lating whenever screen voltage is present, 
but the oscillations are not developed in the 
plate circuit until the plate becomes positive. 
The plate becomes positive during the dis- 
charge of the PFN, so during that time the 
oscillations are developed in the primary of 
T104 and transformer coupled to the antenna. 

6-188, Pulse Receiver, 

6-189, The energy that a target reflects 
back to the antenna in a pulsed radar system 
is a very small fraction of the transmitted 
energy. These reflected signals contain the 
same frequencies as were transmitted - the 
carrier frequency and the sidebands asso- 
ciated with it. Information about the posi- 
tion of the target may be presented by the 
movement or appearance of a spot of light 
on a cathode- ray tube. The cathode-ray tube 
requires signals on the order of several 
volts for its operation, and will not respond 
to the high frequencies received. Therefore, 
amplifiers and a demodulator must be used 
to obtain a visible indication on the cathode- 
ray tube. Keep in mind, the input signal to 
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the amplifier is a pulse of extremely high- 
frequency, very low voltage, and very short 
duration, 

6-190- The amplifiers and demodulator are 
in the receiver block of figure 6-29- An 
arrangement of the receiver components is 
shown in figure 6-32* The system shown 
is a superheterodyne type, similar to a 
conventional AM receiver, see paragraph 
6-46 through 6-77* One difference between a 
conventional AM receiver and one used 
for a pulsed radar system is the bandwidth 
requirement- 



6-191- Recall that a rectangular pulse is 
composed of a fundamental frequency plus a 
number of even and odd harmonics- The 
narrower the rectangular pulse, the greater 
the number of important harmonics- Thus, 
in a pulse radar system receiver, the nar- 
rower the pulse the greater the bandwidth 
requirement, 

6-192- The bandwidth capability is needed 
for fidelity of pulse reproduction- For the 
best signal-to-noise ratio, however, there 
is a certain optimum IF bandwidth- To 
illustrate this optimum value, imagine a 
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pulse radar system (pulses of fixed dura- 
tion) having an IF amplifier with a con- 
trollable bandwidth. 

6-J93, As the bandwidth is increased from 
zero, in small increments, the peak ampli- 
tude of the pulse will increase at a linear 
rate, RMS noise voltage will also increase, 
but at a rate which is proportional to the 
square root of the bandwidth. As a result, 
signal-to-noise ratio will show a steady 
increase. This increase will continue, but 
at a decreased rate as the optimum band- 
width is approached. Increasing the band- 
width beyond the optimum value results in a 
decrease in the signal-to-noise ratio. This 
action is illustrated in figure 6-33. The 
curve of the signal-to-noise ratio makes it 
apparent that the optimum bandwidth is not 
extremely critical. It is approximately twice 
the reciprocal of pulsed width. Simply, the 
narrower the transmitted pulse, the wider 
the bandwidth requirement. 
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6-194. Another difference, due to band- 
width requirements, between the two types 
of receivers applies to the final amplifiers; 
these are audio amplifiers in a voice sys- 
tem and video amplifiers in radar. The 
video amplifiers are wideband amplifiers. 



6-195. Circuit Operation. 

6-196. Figure 6.34* illustrates the sche- 
matic diagram of a superheterodyne re- 
ceiver used in a pulse modulated system. 
The direct current flow And the signal paths 
are the same as AM. Refer to paragraphs 
6-66 through 6-103. As stated in paragraph 
6-169, the signal is a pulse of energy and 
is usually displayed on a cathode^ ray tube, 
it is therefore called video instead of audio. 
The output video signal is coupled from 
the secondary of T104 to the indicator 
system. 



♦Figure 6 in KEP-GP-71 
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Figure 6-32. Block Diagram of Pulsed Receiver 
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Figure 6-33. Optimum Receiver Bandwidth 
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Chapter 7 



SCHEMATIC INTERPRETATION AND TROUBLESHOOTING TECHNIQUES 



7-1* Schematic Diagram Analysis* 

7-2* Your ability to interpret schematic or 
block diagrams is vital when you are trouble- 
shooting electronic equipment As you go into 
maintenance work you will see many types 
of electronic diagrams, such as wiring dia- 
grams, logic diagrams, signal flow charts, 
and voltage and resistance charts. All of 
these will aid you in your work, but you will 
find that the schematic and block diagrams 
will be used most often. 

7-3. You can often arrive at the solution 
of a trouble by proper interpretation of the 
symptoms* with the aid of a schematic and/ 
or block diagram. 

7-4. SCHEMATIC MEANS THAT SOME- 
THING HAS BEEN DIAGRAMMED (LAID 
OUT) ACCORDING TO A SCHEME OR 
PLAN. In our work, a schematic is the 
diagram of an electronic circuit. Standard 
symbols are used to represent the compo- 
nent parts, 

7-5* The plan for a schematic is to dia- 
gram the set in stages (such asRF ampli- 
fiers* IF amplifiers, converter, etc.). The 
signal source or input is usually shown on 
the left side of the diagram, then progresses 
through the stages toward the right and 
reaches the final output on the extreme 
right of the diagram. 

7-6, Component parts (such as capaci- 
tors, resistors, coils, etc.), are numbered 
for identification. The part numbers usually 
progress from left to right, with the lowest 
number on the left. CI or El is normally 
found on the left side of the diagram. If a 
set has 50 capacitors, C50 will be located 
in or near the output stage. You may see 
refinements, such as colored lines to make 
signal flow easier to follow, but most elec- 
tronic equipment is laid out according to 
the basic plan that has just been covered, 

7-7. Student Handout SH-EC-1 at the end 
of this chapter contains the schematic and 



block diagram of a typical AM receiver. 
This receiver is used in this chapter to 
cover proper troubleshooting techniques. 

7-8. Notice how both diagrams in SH-EC-1 
are arranged. The antenna is on the left, 
and you can follow the received signal as 
it progresses through the receiver. The 
speaker or output device is shown on the 
far right. The power supply is shown as a 
seperate section and the Automatic Volume 
Control (A. V. C.) circuit is shown as a dotted 
line with arrows (on the block diagram}. 

7-9. Most electronic equipment (such as 
radio transmitters and receivers) can be 
divided into sections such as, RF, IF 
Video, etc). 

7-10. In SH-IX-1, notice that the diagrams 
have been divided into sections with dashed 
lines. These sections are the RF, IF, and 
AF sections. The RF section receives the 
modulated HF signal, amplifies it and con- 
verts it to the modulated IF signal. The 
IF section amplifies the modulated IF signal 
and applies it to the AF section. The AF 
section extracts the AF signal from the 
IF signal and amplifies the AF signal 
enough to drive the speaker or output 
device. 

7-11. Many of the electronic systems you 
will be working with in the Air Force will 
have more than one IF section. Each IF 
section will have a different frequency. 
When this occurs each IF SECTION will 
be numbered (such as 1st IF, 2nd IF, etc). 

7-12. In the schematic in SH-IX-1, the 
converter local oscillator tuning capacitor 
is gang tuned with the input tank circuit 
tuning capacitor* When the station selector 
dial is turned, the input tank circuit is 
tuned to a new frequency (station). The 
converter oscillator tank circuit is also 
tuned to a new frequency which is 455 kHz 
above the received frequency. For instance, 
if the input tank circuit is tuned to 690 kHz, 
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the converter oscillator frequency will be 
tuned to 1145 kHz. If the input tank circuit 
is tuned to 1490 kHz, the converter oscil- 
lator frequency will be 1945 kHz. By keeping 
the converter oscillator at a frequency 455 
kHz above the input tank frequency, the IF 
section can be tuned to 455 kHz. This 
increases the selectivity of the receiver, 

7-13. The 455 kHz signal has the same 
AM variations that are present on the 
original RF input signal. The IF amplifier 
amplifies this modulated IF signal and 
applies it to the AF section, 

7-14. The detector circuit in the AF section 
extracts the AF signal from the IF signal 
and applies it to the AF amplifier, which 
is a voltage amplifier. The AF signal is 
then applied to the AF power amplifier 
which provides current amplification to drive 
the speaker and produce sound, 

7-15, The AVC circuit is shown in the 
block diagram as a dotted line with arrows 
to indicate the direction of the AVC volt- 
age. On the schematic diagram the AVC 
circuit is composed of R113, CU7, Rill, 
R108, R106, and RlOl. The purpose of this 
circuit is to prevent the receiver from being 
overdriven if it receives a very strong 
signal. To accomplish this, a DC degenera- 
tive feedback voltage from the detector 
circuit is applied to the base of Q101 and 
Q103. As the input signal increases in 
amplitude, the degenerative DC voltage 
applied to the base of Q101 and Q103 de- 
creases the forward bias of these two stages 
to keep the receiver from being overdriven. 
If this circuit was not in the receiver, you 
would hear the changes in Input signal 
strength as changes in volume at the speaker. 
It would have the same effect as varying the 
volume control. The AVC circuit may also 
be called the Automatic Gain Control (AGC) 
circuit, 

7-16, Troubleshooting Procedures, 

7-17. Troubleshooting requires a combi- 
nation of knowledge, skill, and a logical 
approach. Since your entry into this course, 
you have been concerned with acquiring the 



knowledge of electronics to enable you to 
maintain electronic equipment. The lab 
exercises that you have completed have 
started you toward developing the neces- 
sary skills for troubleshooting* A logical 
approach involves the development of a 
step by step procedure. We are about to 
outline a GENERAL procedure to follow, 
which works with most electronic equip- 
ment. You may find some differences when 
you get into the equipment covered by your 
AFSC, but these differences are mainly a 
mater of sequence. 

7-18. The procedures are; 

(1) Operational Check. 

(2) Visual Check. 

(3) Half-Split Method, 

(4) Stage -By-Stage, 

(5) Component Isolation. 

7*19, Operational Check. 

7-20, This is done by turning the equip- 
ment on and checking its operation against 
predetermined MINIMUM STANDARDS OF 
OPERATION, The standards for AF equip- 
ment are outlined in the Technical Manual 
for each unit. The operational check will 
usually isolate the trouble to a particular 
unit, such as a receiver, transmitter, modu- 
lator, or control unit. In addition to locating 
the unit where the trouble exists, an opera- 
tional check will also help determine what 
particular function is not being performed 
within the defective system, by the symp- 
toms the trouble causes. For example, in a 
receiver, the symtpom might be weak or 
no audio output. In a transmitter, the symp- 
tom might be low output power or the out- 
put frequency is unstable. Examples of other 
checks that could be made during an opera- 
tional check to help determine the symptoms 
are; 

(1) Front panel meter readings from 
built-in metering circuits in the equipment. 

(2) Observation of oscilloscope patterns 
from built-in oscilloscope. 
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(3) Transmitter power and frequency 
checks. 

(4) Receiver signal- to -noise and sensi- 
tivity checks. 

(5) Modulator audio distortion and per- 
cent of modulation checks. 

7-21. Half -Split Method. 

7*22. The name here implies that you di- 
vide a system or unit into two equal parts for 
troubleshooting. Each part then would be di- 
vided into two more equalparts. Actually, this 
is not the case. It does mean that the unit 
should be divided into major sections, if pos- 
sible. Whether or not it is possible to divide 
the unit into major sections is determined by 
the type of equipment you are troubleshooting. 
For example, the typical receiver that has 
already been discussed was divided into RF, 
IF, and AF sections according to their pur- 
pose and frequency. 

7-23. A logical way to troubleshoot is to start 
with the section nearest the output since the 
output is where you usually notice a symptom, 
and work toward the input until you have 
located the section the trouble is in. 

7-24. Lets assume, through an operational 
check, you find that the receiver in SH X-l 
has no output (sound) from its speaker. 
Using the half-split method* you will check 
one section at a time until you find the 
section that the trouble is in. 

7-25. You can isolate the trouble to one 
section by using one of these two methods: 

(1) Apply the output of an AF generator 
to the AF section and if you have an output 
(sound) at the speaker, you will know the AF 
section and the power supply are okay. Next, 
apply the output from an RF generator to the 
IF section and listen for an output from the 
speaker. If you get an output from the 
speaker, you will know that the IF section 
is okay and the trouble is located in the RF 
section. To confirm the trouble is in the RF 
section you will apply the modulated output 
of an RF generator to the RF section and 
listen for an output from the speaker. 



(2) Using an RF generator* apply a 
modulated RF signal to the input of the RF 
section. The receiver tuning dial must be set 
to the same frequency as the RF generator 
frequency. An oscilloscope can now be used 
to check the inputs to each section. The 1 
section that has the proper input signal 
and an improper output signal is the section 
where the trouble is located. 

7-26. Since the use of the oscilloscope is 
very important for you* the examples and 
the theoretical troubleshooting in this chap* 
ter will be done according to the second 
method discussed. 

7-27. Stage -By-Stage Method. 

7-28. Once the trouble has been isolated 
to one section of the equipment (example; 
receiver-RF section), it is logical to check 
each stage within a section, until you find 
the stage where the trouble is located. 
Again, you should start at the stage nearest 
the output of the section and work toward the 
input to the section. For example, using 
SH-IX-1* the modulated RF generator output 
is applied to the input to the RF section. 
If you check the input to the detector section 
with the oscilloscope and find the proper 
signal, is present, you will then check the 
input to the AF amplifier. If the proper 
signal is not present at the input to the AF 
amplifier, you will know the trouble is in 
the detector stage. Since a stage is also 
called a circuit, this method may be 
called the circuit-by -circuit method of 
troubleshooting. 

7-29. Component Isolation. 

7-30. Now that the trouble is isolated to 
one stage (circuit), the next step is to find 
the component or components that caused 
the trouble. In this step you are looking 
for such things as, shorted or open transis- 
tors, shorted or leaking capacitors, resis- 
tors that have opened or changed ohmic 
value* open or shorted coil, etc. 

7-31. This step is performed by making 
voltage and resistance checks of the indi- 
vidual components within a stage (circuit). 
The voltage checks are made with the equip- 
ment power ON and resistance checks must 
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be made with the equipment power OFF, A 
multimeter may be damaged if resistance 
checks are made while the equipment is 
turned ON, 

7-32, Before any actual measurements are 
made* a list or chart of the normal voltage 
and resistance measurements in each cir- 
cuit should be obtained. For Air Force 
systems this chart can be found in the 
appropriate Technical Manual provided with 
the equipment. These manuals also contain 
explanations, diagrams, and other data 
needed for troubleshooting, 

7-33. A portion of a voltage- resistance 
chart for a tube circuit is shown in figure 
7-1, 

7-34, Visual Check, 

7-35, The visual check can be performed 
before, during, or after any of the other 
checks. For example, if you are performing 
an operational check and you see smoke 
coming from a unit, you should look to 
see where in the unit the smoke is coming 
from, 

7-36. This is called a VISUAL check, but 
it actually includes the other senses too. 
Your sense of vision would be used by 
looking for broken wires* frayed or stripped 
insulation, burned parts, evidence of shorts, 
origins of smoke or arcing, or oil leaking 
from oil filled transformers, capacitors, 
or pulse forming networks. When resistors, 
transformers, coils, or capacitors overheat, 
they give off a distinctive odor and your 
sense of smell would be used to help locate 
the trouble. Since a component that has 
overheated will stay hot for quite a while, 
your sense of touch can be used. Any 
defective component that is found in the 
visual check must be replaced, even if that 
component is not the one that caused the 
original trouble, 

7-37. After the componenthasbeenchanged, 
another operational check should be per- 
formed to make sure there are no more 
troubles. 



7*38, Adjustments and Alignment, 

7-39, Adjustments necessary for trouble- 
shooting are considered to be part of the 
troubleshooting procedure itself. The adjust- 
ments are made during troubleshooting to 
make sure an adjustment is not causing the 
problem, 

7-40. Equipment alignments may be neces- 
sary after a repair has been made. Whether 
or not an alignment is necessary depends 
on the type of equipment and the type of 
repair performed, 

7-41, A schematic diagram for illustrat- 
ing alignment is shown in student handout, 
SH-IX-L This receiver is typical of the 
type used for standard broadcast band 
reception which means that the RF input 
frequencies will be in the range of 535 to 
1605 kHz* (Broadcast Band)* fhe local oscil- 
lator frequency is 455 kHz above the incom- 
ing radio frequency, and the intermediate 
frequency is 455 kHz. 

7-42. At least two pieces of test equip- 
ment will be required to align the receiver 
illustrated in SH-K-1, First, some type of 
output indicator is needed and second. &n 
RF signal generator with AF amplitude 
modulation capability is required, 

7-43, To indicate the receiver output there 
are several devices that may be used. Some 
examples are the VTVNt, oscilloscope, and 
speaker. When using a VTVM it will be con- 
nected to the AVC line and maximum AVC 
voltage will indicate maximum output from 
the receiver. If using an oscilloscope it will 
be connected across the output of the audio 
section* Normally a speaker is included in 
the receiver circuitry. When it is used as 
an output indicator the volume of the audio 
tone is an indication of the receiver output. 

7-44, There are several types of RF sig- 
nal generators. The one used for this align- 
ment must be capable of producing the IF 
(455 kHz) and RF (535 to 1605 kHz). 400 Hz 
and 1000 Hz are the audio tones most 
frequently used to amplitude modulate the 
RF signal, 
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Figure 7-1, Voltage Resistance Chart 



7-45. Before discussing a step by step 
alignment procedure for the receiver, notice 
that all tuning components SH-K-1 are 
located in the RF and IF sections. This 
me^ns that there are four circuits that 
require alignment, the IF t the* local oscil- 
lator, the antenna input and the RF amplifier. 



7-46. Alignment procedures vary tremen- 
dously, depending on the receiver's com- 
plexity and its intended use. A general 
alignment procedure for the broadcast band 
receiver illustrated in SH-K-1 Is given 
below in four steps* 
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STEP #1. Set the output of the RF 
signal generator to 455 kHz (modu- 
lated with 400 Hz or 1000 Hz). Apply 
this signal to the input of the IF cir- 
cuit (TP105) and adjust the tuning 
component (C124) in the IF stage for 
maximum output as shown on the out- 
put indicator that you have elected to 
use. 

STEP #2. Disconnect the modulated 
455 kHz signal from the IF amplifier 
and Insert it at the input of the con- 
verter stage (xj?103)- Adjust the tun- 
ing component (C123) in the output of 
the converter circuit until there is 
maximum output from the receiver 
as shown by the indicator, 

STEP #3. Set the output of the RF 
signal generator to a known frequency 
near the high end of the broadcast 
band (modulated With 400 Hz or 1000 
Hz). Insert this signal at the antenna 
input and turn the tuning knob of the 
receiver until maximum output is 
indicated, and then adjust the trimmer 
capacitors in the RF output circuit 



(C106) and the antenna input circuit 
(C101) for maximum receiver output 
At this point check to see if the tuning 
dial reading corresponds to the output 
frequency of the signal generator. If 
it does not, then adjust the dial until 
it indicates the same frequency as the 
generator output* 

STEP #4. Leave the signal generator 
connected at the antenna input and 
adjust the local oscillator trimmer 
capacitor (CI 10) for maximum output 
from the receiver. 

7-47- Theoretical Troubleshooting- 

7-48- Now that the operation of the re- 
ceiver and basic troubleshooting techniques 
have been completed, we can analyze trouble 
symptoms versus possible causes using the 
receiver schematic in SH X-l- The ab- 
normal symptoms will be given first and 
then a list of some of the components that 
could cause the symptom or symptoms. 
Assume the half-split method has been used 
to narrow the trouble to one section, which 
is indicated in parenthesis. 



SYMPTOMS 


POSSIBLE TROUBLE j 


No output (sound) from the speaker. 
(RF section) all DC voltages are normal. 


i 

CI 03 open. 

L101 primary shorted. 
C101 shorted. 


No output from the speaker. 

(AF section) all DC voltages normal- 


j 

CR101 open. 
CI 18 open. 
Speaker coil open. 


Output from the speaker is weak, volume 
control -maximum (IF section) 


C115 open- 
Clll open. 


No output from speaker. 

(RF section) Emitter voltage and collector 

voltage of Q101 high- 


R102 open- \ 


No output from speaker. 

(AF section) Emitter and collector voltage 

of Q104 low- 


Q104 shorted- | 
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Errata I for KEP-HO-IX-1, Transistor Receiver, 1 September 1975 



In Che AF Section, Q-106, exchange the Emitter and the Collector, 
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Module 63 



HETERODYNING 



Heterodyning its the process of combining 
or beating twu signal frequencies in a non- 
linear device resulting in the production of 
additional frequencies equal to the sum and 
difference of the two originals. This process 
is necessary for circuit operations involving 
mixing, frequency conversion, amplitude 
modulation, and amplitude detection* 

A non-linear device is any electronic com - 
ponent w.iich passes a current flow NOT 
proportional to its applied voltage* Tubes 
and transistors are examples of nonlinear 
devices* A graph of voltage/current for 
these devices shows that an increase of 
current is not proportional to the increase 
of applied voltage. 

Certain conditions must be m?t in a cir- 
cuit in order for heterodyning to occur* 
They are: there rmist be at least two unlike 
frequencies and the frequencies miist be 
applied to a non-linear device. If two pure 
sine Wives of different frequency are com- 
bined* they wUl be in and out of phase at 
various tim^s. As a result, algebraic addi- 
tion w ; U occur at the rate of the difference 
betwi' n the two frequencies. As this situa- 
tion stands, without a non-linear device, the 
average signal from such a combination of 
signals would be zero. However, the non- 
linear device creates an imbakitce which 
results in an average other than zero and 
thus an output exists. This output wUl include 
the two original frequencies, the sum indthe 



difference frequencies. In practical appli- 
cations, such as a radio receiver mixer or 
converter circuit, all of the heterodyning 
frequencies are not needed, only the dif- 
ference frequency is required. The original 
and sum frequencies are filtered out. This 
filtering action is usually accomplished with 
a tuned tank circuit* The circuit is tuned to 
pass only the difference frequency, all other 
frequencies are bypassed to ground. 

Receiver heterodyning, or conversion, is 
the process of beating the incoming RF 
signal with an internally generated RF 
oscillator frequency. This internal frequency 
is called the local oscillator frequency. If 
a local oscillator is used, then an additional 
stage called a mixer is required to combine 
the RF and local oscillator signals* Some- 
times a stage called a converter is utilized* 
The converter combines the functions of 
generating the local oscillator frequency and 
combining it with the RF. In either case, the 
purpose is to convert the incoming RFsignal 
to a lower frequency called the intermediate 
frequency (IF)* The requirements for con- 
version are the sanitf as given for hetero- 
dyning with the addition of an output fre- 
quency selecting circuit (filter). The 
frequency selected is the IF. Any incoming 
RF signal may be converted tc the IF by 
tuning the local oscillator. The local oscil- 
lator frequency must be different than the 
desired incoming RF signal by an amount 
equal to the desired IF* 



1 

172 



Module 64 



MODULATION 



This module is concerned with how the 
electrical intelligence signal is converted 
into RF waveforms by four basic forms of 
modulation: amplitude, frequency, pulse and 
phase. Each type has certain advantages and 
disadvantages depending upon the intended 
use of the system* 

Three terms are used frequently in this 
discussion of modulation: intelligence signal, 
carrier wave, and sidebands. The intelligence 
signal is the information we wish to trans- 
rait. The carrier wave is the reference signal 
for the modulating process. Sidebands are the 
frequencies generated by modulation in the 
frequency spectrum above and below the 
carrier frequency* 

In amplitude modulation* the amplitude of 
the carrier is varied while the frequency 
remains constant. An analysis of the modu- 
lated carrier when modulated with a single 
tone shows that it contains the carrier fre- 
quency plus two new frequencies, the sum of 
the carrier frequency and the modulation 
frequency - the upper sideband, and the 
difference between the carrier and modulation 
frequency - the lower sideband* The ampli- 
tude of the modulated carrier is the algebraic 
sum of the unmodulated carrier and the side- 
band frequencies* In actual operation most 
signals used to modulate an RF carrier are 
complex waveforms made up of many fre- 
quencies. Each of these frequencies will 
produce an upper and lower frequency so 
that many sideband frequencies will be 
produced * 
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£ + E 
max m in 



x 100 = percent of modulation 



The bandwidth (BW) of an AM signal refers 
to the space the transmitted signal will 
occupy in the frequency spectrum. The BW 
is the distance between the upper and lower 
sidebands. If a 4 kHz signal were used to 
modulate a carrier, then the sidebands would 
be 4 kHz above and 4 kHz below the carrier 
frequency* The BW for this transmission 
would be 8 kHz. This rule holds true only 
if the modulation does not exceedlOO percent. 

Modulation factor is used to determine the 
percent of modulation. Modulation factor in 
AM is the ratio of the difference between 
maximum and minimum peak- to- peak 
variations of the modulated carrier and the 
sum of the maximum and minimum peak- 
to-peak variations of the modulated carrier. 
Multiplying the modulation factor by 100 gives 
the percent of modulation. Percent of modu- 
lation can also be calculated by using the 
oscilloscope presentation of the modulated 
waveform and the formula as shown in figure 
64-1. 

Regardless of the unmodulated carrier 
amplitude, the 100 percent modulated carrier 
amplitude will be doubled at E fflax and zero 
at E m in« A percent of modulation less than 
100 percent is under* modulation and greater 
than 100 percent is over-modulation. Over 
modulation produces severedistortionas well 
as new sidebands and increased bandwidth* 

The total power radiated in the modulated 
carrier is equal to the sum of the powers 
contained in the separate components of the 




COMPOSITE 
WAVEFORM 
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Figure 64-1 
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modulated wave, If the resistance of the 
transmitter load is know.;, the power distri- 
bution in the sidebands can b2 calculated. 
At 100 percent modulation the sideband peak 
voltage will be one-half that of the carrier. 
This value and the sam£ load impedance will 
give the power in the sidebands. The total 
powar in the transmitted signal will b* the 
sum of the carrier, and upper and lower 
sideband pawir , Under modulation reduces 
total power by reducing the pawer in the 
sidebands w'lile the carrier pow-*r remains 
the sam^. The follow, ng observations can be 
made of AM at 100 percent modulation; 
total sideband pow-fr is one-half the carrier 
power; total sideband pawir is one-third of 
the total transmitted pow-ir; the sideband 
p3W3r is distributed equally in the side- 
bands: each sideband contains one-sixth of the 
total power: the carrier contains two-thirds 
of the total power. Reducing modulation to 
less than 100 percent (under modulation) 
gives; no reduction in carrier paw-ar; less 
pDwer in the sidebands; less total powsr. 

A typical AM amplifier stage will have 
the modulating signal applied to the collector 
circuit. The circuit is biased class B so that 
the necessary non-linear operation is present 
for heterodyning. The amplitude of the modu- 
lating signal determines the percent of modu- 
lation* In this circuit, wlien the modulating 
signal amplitude equals the RF signal level, 
100 parcent modulation w J .ll be achieved. 

Single-sideband (S33) is a type of AM 
transmission where the carrier is suppressed 
and one sideband is eliminated. An advantage 
of S5B is that approximately one-half of the 
usual AM 3TV is required. During SSB modu- 
lation: the currier is modulated wUh an 
intelligence signal: the carrier is suppressed: 
and one of the resulting two sidebands is 
eliminated. Tne spscial circuits necessaryto 
generate SSB signals are the balanced modu- 
lator and the sideband filter* Tne balanced 
modulator is a diode bridge circuit connected 
such that the electrical potential from the 
RF carrier is alwiys equal and thus no 
carrier potential is developed in the output. 
Sideband filters can be LC t crystal, or 
mechanical- The m-- chanical filter is a 
resonant device which converts electrical 



energy into mechanical energy, selects and 
passes only a certain mechanical frequency 
and converts the passed mechanical frequency 
back into electrical energy. The basic ele- 
ments of the filter are the input and output 
transducers which convert the energy, mntal 
disks which resonate at only one mechanical 
frequency, and coupling rods to transfer the 
mechanical energy between mechanical 
resonant disks. 

Pulse modulation (F~M) is the modulation 
of a carrier by a pulse train. Pulse modula- 
tion has many applications in telegraphy, 
radar and telemetry. A pulse can be com- 
pared to a square wave wiiich has an infinite 
number of odd harmonics. Each harmonic of 
the wave will heterodyne with the RFcarrier 
to produce a set of sideband frequencies. 
The bandwidth requirements for pulse modu- 
lation are somow'iat greater than AM or 
SSB. 

Frequency modulation (FM) varies the fre- 
quency of the carrier above and below a 
center reference by an amount proportional 
to the amplitude of the modulating signal, 
W'len a single sine wive is used to modu- 
late an FM system will observe the fol- 
lowing facts during a complete cycle of the 
signal. The center frequency of the carrier 
will be present only during the timr that the 
modulating signal is at zero potential, when 
the modulating signal is either positive or 
negative the modulated carrier frequency will 
be either above or below the center fre- 
quency, the amplitude of the modulated R.f 
carrier wUl nsi change throughojt the modu- 
lating process. 

Frequency deviation is the difference 
betw-ien the instantaneous frequency of the 
modulated wave and the carrier center fre- 
quency. The am plitude of the modulating signal 
will determine the amount of deviation. The 
frequency of the modulating signal determines 
the rate at which the oscillator deviates 
above and below the center frequency. 

The FM waveform contains an infinite 
number of sidebands. However, the sidebands 
must contain at least one percent of the 
total transmitted pawar to be considered 
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significant. The number of significant side- 
bands determnes the B : V of the transmitted 
signal. Tne runner of significant sidebands is 
determined by the Modulation Index (Mi). 
Mi iK a ratio o f . the frequency deviation to the 
m* :lulating signal frequency, The frequency of 
deviation and frequency of the modulating 
signal are directly proportional. The Ml is 
used to locate the number of significant side- 
bands o.i a chart. The space between the 
sidebands is equal to the modulating signal 
frequency. The BW w + *ll increase by increasing 
the amplitude of the modulating signal* 

A reactance tube modulator is one m=ans 
o* ftcnerating an FM signal* The phase shifting 
network is the heart of the modulator* The 
network develops a phase shift of 90 degrees 
which appears capacitive or inductive 
(depending upon the construction of the cir- 
cuit). The modulating signal varies the 
amount of this reactive effect. The network 
is electrically parallel to an oscillator tank 
circuit whose frequency will change because 
of the effects of the network. 

Another FM modulator which is widely 
used in transistorized circuitry employs a 
voltage variable capacitor, called avaractor* 



The varactor is a simple solid state diode 
designed to have a certain amount oT 
capacitance across the junction. Thsdepletion 
region in the varactor determines the di- 
electric between the P and N elements. 
Reverse bias is applied and varied in accord- 
ance with the modulating signal* The 
depletion region varies the effective 
capacitance which in turn varies the oscil- 
lator frequency. 

Pnase modulation {PM; has similarities 
with FM. The amplitude is held constant 
and the wave, observed on a scope, appears 
to vary in frequency. However, the oscil- 
lator frequency is not changed during modu- 
lation. In PiA the phase angle of the carrier 
is varied in accordance w'th the m odulating 
signal, whereas the current amplitude of the 
resulting phase modulated Wivetss mrintained 
constant* The rate at which a phase-modulated 
w^ve shifts from o,ie p!iase value to another 
is proportional to the frequency of the 
modulating signal. The number of degrees 
through which the phase of the carrier is 
shifted is proportional to the amplitude of the 
nv dulating signal* Th* amplitude of the 
modulating signal determines the numher of 
significant sidebands* 



Module 65 
DEMODULATION 



One of the functions of a radio receiver is 
to demodulate the radio wave picked up by the 
receiving antenna. Demodulation is the 
process of extracting the signal intelligence 
from a modulated carrierwave, The require- 
ments for demodulation are: non-linearity 
must be present to cause heterodyning; the 
original RF carrier signal must be present 
at the input of the demodulator to heterodyne 
with the sideband signals to reproduce the 
original intelligence signal; filtering is 
required to eliminate the unwanted RF after 
the intelligence is produced. The filter cir- 
cuit is made up of components which shunt 
the RF to ground while retaining the desired 
frequencies. 

AM demodulation is the process of 
extracting the signal intelligence from an 
AM carrier. An AM RF signal can be de- 
modulated by several types of demodulators. 
The circuit for demodulating an AM signal 
is called a detector. Covered in this module 
are the diode, grid-lealt, plate, Infinite 
impedance, single sideband, and pulse 
detectors. 

The diode detector is the simplest circuit. 
Current flows through the diode when the plate 
is positive with respect to the cathode. The 
non-linearity of the' diode causes aheterodyne 
action between the RF carrier and the side- 
bands* The resulting frequencies will include 
the sum of the carrier and lower sideband, 
the sum of the carrier and upper sideband* 
and the difference between the carrier and 
sideband signals. 

The grid-leak detector functions like the 
diode detector combined with a triode tube. 
The grid of the tube will function as the 
detector plate. The triode section then 
provides amplification of the detected signal. 
The grid- leak bias provides the non-linearity 
for heterodyne action. Input impedance is low 
because grid current must flow to perform 
the heterodyning. 

The plate detector has a high input 
impedance because grid current does not flow 



during the entire cycle of RF variations 
of the input. Detection occurs within the triode 
tube because the cathode self- bias resistor 
Is large enough to insure the stage will be 
biased at approximately cutoff. 

The infinite impedance detector resembles 
the plate detector with the exception that the 
load resistor is located in the cathode. This 
arrangement makes the infinite-impedance 
detector essentially a cathode follower. Input 
impedance is extremely high. 

The single sideband demodulator intro- 
duces a frequency to replace the suppressed 
carrier so that heterodyning may take place. 
The carrier signal must be at least ten 
times the amplitude of the sidebands to 
prevent distortion. 

A pulse demodulator is essentially an 
amplitude detector with avery wide bandwidth. 

FM demodulators studied in this module are 
Foster-Seeley discriminator, ratio detector, 
and quadrature detector. In order to demodu- 
late the FM signal the demodulator stage 
must be a circuit which can sense frequency 
variations and convert them to voltage 
changes. The requirements for FM demodu- 
lation are: the input circuit to the demodulator 
must change frequency variations into ampli- 
tude variations; a non-linear impedance is 
necessary to heterodyne the carrier and 
sidebands. 

The Foster-Seeley is a phase-shift type 
discriminator because demodulation depends 
on the phase- shift obtained across 2 trans- 
former secondaries, A tuned circuit acts 
resistively as long as it is resonant* If 
the input signal is shifted above or below 
the resonant frequency of the tank circuit the 
circuit will be inductive or capacltiveandthe 
secondary will no longer be in phase. The 
resulting output voltage will either increase 
or decrease. Thus the frequency variations 
are changed into amplitude variations. A 
limitation of the Foster-Seeley is that any 
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amplitude variations at the input result in 
noise or distortion in the output. For this 
reason the circuit must have an amplitude 
limiter stage preceding it. 

The ratio detector is similar to the Foster- 
Seeley, but has the advantage of not requiring 
a limiter stage. 

An FM demodulator employing a com- 
pletely different principle is the quadrature 
detector. This demodulator is self-limiting 
and does not require a separate limiter. 
A gated beam tube is used in which the 
limiter grid and the quadrature grid must 
both be positive for plate current to flow. 
The incoming RF signal is connected to the 
limiter grid and the quadrature grid is con- 
nected to a high Q tank circuit which is 
resonant to the incoming center frequency. 
The tank circuit will determine the phase of 



the quadrature grid voltage. Since both grids 
must be positive for plate current to flow, 
the amount of plate conduction will depend upon 
the phase relationship between the signal 
on the limiter grid and the frequency applied 
to the quadrature grid, Wnen 'the incoming 
signal frequency increases and decreases 
around the center frequency the average 
current will vary proportionally. Thus fre- 
quency variations are converted to amplitude 
variations. 

Phase demodulation is the process of 
extracting the signal intelligence from a phase 
mcdulated RF waveform. An FM discriminator 
can sometimes be used for phase demodula- 
tion. However, a true reproduction can be 
obtained only with added processing of the 
signal. A phase demodulator is similar to the 
quadrature demodulator except that the refer- 
ence is not provided by the tuned circuit, 
but from a separate reference signal. 



Module 66 
TRANSMISSION LINES 



Transmission lines carry electromagnetic 
energy from a source to a load. All trans- 
mission lines have electrical characteristics 
of inductance and capacitance. These values oi 
inductance and capacitance determine the 
characteristic imped ince and cutoff frequency 
of the line. CHARACTERISTIC IMPS DANCE 
is the opposition to an AC signal while 
CUTOFF FREQUENCY is the highest 
frequency that will travel down the lin? 
without being attenuated. Five basic types 
of transmission lines are twisted pair, twin 
lead, open two-wire, flexible coaxial cable, 
and rigid coaxial cable. Physical length of a 
transmission line is measured in meters, 
centimeters, inches, feet, etc., and electri- 
cal length is measured in wavelengths. 
WAVELENGTH is defined as being the distance 
energy travels down the line in one cycle of 
the input frequency. Nonresonant lines have a 
maximum transfer of powir, and all the 



energy is absorbed by the load. Waen there 
is a mismatch of impedance, some* of the 
energy is reflected back to the source. The 
sum of the reflected waves and incident 
waves are standing waves. The minimum 
points of the standing waves are called 
NODES and the maximum points are LOOPS- 
The greater the voltage difference between 
the loops and nodes , the greater the standing 
wave ratio. A line that has standing waves 
is called a RESONANT LINE. Tnere is a 
standing wave of voltage and one of cur- 
rent. The impedance of a transmission line 
increases as the leads are separated. DELTA 
MATCHING Is a form of impedance matching 
by spreading the leads. STUB MATCHING 
is connecting a load to somr portion of a 
qjarter-wave matching stub. The quarter- 
w*ve matching stub is used to match the line 
impedance to the load impedance. It acts like 
a transformer to match two unlike impedances. 
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ANTENNAS 



An antenna is an electronic device that is 
used either for radiating electromagnetic 
energy into space or for collecting electro- 
magnetic energy from space. In a radio 
transmitter the oscillator generates the high 
frequency signal, but the antenna is needed 
to change this signal into electromagnetic 
fields which are suitable for propagation 
into space. The radio receiver will amplify 
signals applied to its input, but an antenna 
is needed to intercept the electromagnetic 
fields that are in space and to change 
these fields into voltages and currents to 
which the receiver can respond- The half 
wave dipole is the fundamental element of 
art antenna. It can be used as a starting 
point for discussing the radiatioa of electro- 
magnetic energy into space. Electrically, 
you cart think of the dipole as a quarter 
wxve section of transmission line opened 
out so the conductors are inline, not parallel. 
This is a resonaat sectioa of line; there- 
fore, standing waves are present. These 
standing wives give the dipole its tuned 
or frequency sensitivity characteristics. The 
current flow in the conductor of the dipole 
produces electrostatic fields of force and 
electromagnetic fields of force in space that 
do not collapse back into the dipole but 
radiate out into space. This energy is called 
the radiation field. Tne electrostatic field is 
parallel to the length of the dipole while 
the electromagnetic field is around the con- 
ductor or perpendicular to the dipole. Antenna 
polarization is a method of orienting the 
antenna w;th respect to a knowa plane. An 
antenna that is horizontally polarized means 
that the E field is parallel to the surface 
of the earth, if it is vertically polarized, 
the £ field is perpendicular to the surface 
of the earth. Another form of polarization 
is circular polarization; in this type the E 
field rotates around an axis in a 360 degree 
id ition. The basic antenna is a half wave 
length long, but for low frequencies this will 
require a very long antenna. The lowar the 
frequency the longer the antenna. Ons method 
of constructing a vertical antenna that has 
the tuned characteristics of the half wive 



antenna is the quarter wave, which uses 
the ground as the other quarter wive. 



There are times when a directional antenna 
is required. Directivity is accomplished by 
adding either driven or parasitic elements 
to the antenna. This is known as an antenna 
array. The driven array consists of two or 
more elements with all elements connected 
to the generator. They may be divided into 
four basic types, the broadside array, the 
end fire array, the colli near array and the 
cardioid array. For the broadside array 
tvrv half wave elements are placed one half 
wave apart and parallel to each other and 
excited in phase, most of the radiation 
takes place in a direction perpendicular to a 
plane through the elements. For the end fire 
array the two elements are spaced one half 
wave apart and excited 180 degrees out of 
phase, m^st of the radiation is directional 
in the plane of the array and perpendicular 
to the elements. For the cardioid array the 
two elements are spaced one fourth wave 
apart and excited 90 degrees out of phase. 
A unidirectional pattern is obtained that is in 
the direction of the plane of the array and 
perpendicular to the elements. A colli near 
array is formed when two half wave elements 
are placed end to end and excited in phase. 
In a collinear array there is no directivity 
in the plane perpendicular to the antenna, 
but there is a sharp pattern in the plane 
of the antenna - 

A parasitic array is an antenna array 
which consists of two or more elements in 
which only one of the elements is driven. 
The other elements are excited by induction. 
There are two basic elements of this type; 
one a director, the other the reflector. The 
reflector is placed in back of the driven 
element and causes the energy to be reflected 
back towards the driven elemant. The 
director is placed in front of the driven 
element and reinforces the radiation of 
energy in the forwurd direction. This pro* 
duces a unidirectional pattern. 
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Module 68 
AM SYSTEMS 



The transmission of electromagnetic 
onertiy through space is a fundamental 
property of radio, radar and Nav-aids sys- 
tems. Each of these systems are comprised 
of two m? + jor parts, a transmitter and a 
receiver- The transmitter produces the 
electromagnetic wave, modulated to con- 
tain information. The receiver intercepts the 
electromagnetic wave and reproduces the 
information. 



A very conimuTi form of communications 
is the commercial standard broadcast sys- 
tem. This is an amplitude modulated (AM) 
system, w!iere the information to be con- 
veyed is in the form of amplitude changes 
in the transmitted RF signal. There are other 
uses of AM, in fact most ground to ground 
stations and air to ground stations used 
by the Air Force are AM systems* 



A block diagram of an AM system is 
illustrated in figure 68- L The RF oscillator 
produces an RF carrier which is modulated 
in the RF power amplifier by the audio 
signal- The audio signal is produced in the 
microphone, amplified by the audio ampli- 
fier, further amplified by the modulator so 
the proper pow^r levels cm ba obtained. 
The RF amplifier is used as a buffer, 
frequency multiplier or voltage amplifier. 
The signals from the RF power amplifier 
are the carrier and sidebands. Tne antenna 
converts these signals into an electromagnetic 
wave. 

The RF oscillator must have good fre- 
quency stability, or in other words, stay on 
the assigned frequency, if it does not have 
good frequency stability it can drift into the 
spectrum of another radio station and cause 
interference . 
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The block diagram of an AM radio receiver intelligence from a very weak RF signal. It 

is illustrated in figure 68-2. The antenna should also have good selectivity, which is the 

intercepts the electromagnetic wave and con- ability to select one station 4 Distortion occurs 

verts it into RF currents. The RF amplifier in a receiver if the detector is operated in 

selects the desired RF signals from the such a manner as to produce harmonics, 

antenna, amplifies them ind couples them Distortion also occurs if any of the important 

to the frequency conversion stage which con- sidebands are not passed through to the 

verts it to the Intermediate Frequency (IF)* detector, There is a form of interference 

The modulated IF signal is selected and called co- channel interference that msiy occur. 

amplified by the IF amplifier and coupled to This results from the receiver, receiving sig- 

the detector. The detector reproduces the nals from two transmitters operating at the 

audio from the IF. The audio is amplified by sam* frequency. 

the audio amplifier and audio power ampli- ___ . „ 

. n . _ „ A > fVlQ The schematic diagram of an AM 

fier and reproduced as sound in the speaker. 4ii . , . . « 

transmitter is illustrated in figure 68-3, 

The receiver should have good sensitivity. The RF oscillator VI produces the RF 

Sensitivity is the ability to reproduce the carrier signal which is amplified by V2 
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aud coupled to V3« The audio signal is 
produced hi the microphone, amplified by 
V4 and coupled to the modulator, V5. The 
output of V5 is coupled into the plate circuit 
of V3, this causes modulation of the carrier, 
resulting in sideband frequencies being pro- 
diced. The signals are coupled through T2 
to the antenna for radiation into space. The 
DC piths in each of these stages is from 
ground through the stage to Bk In the power 

supply the current is from ground, through 
the Rpwer supply to Bk 



The schematic diagram an AM receiver 
is illustrated tn figure 68-4, The RF oscilla- 
tions are produced in the antenna by the 
electromagnetic waves. The RF amplifier Ql 01 
st cts the desired signals, amplifies them 
an couples them to Q102, the frequency 
coi. >rtei\ In Q102 the RF is converted by 
hste. xlyning action, to the IF frequency which 
is coupled to Q103 the IF amplifier. The IF is 
amplified and coupled to CR101 for demodula- 
tion. The audio is then amplified by Q104, 
Q105 and Q106 to drive the speaker. The 
speaker then converts the audio signal to sound. 
The DC paths of current in each stage is from 
ground through each stage to Vq£- 



Module 69 
FM SYSTEMS 



In an FM communications system, ths 
intelligence is conveyed by varying the fre~ 
quency of a constant amplitude RF carrier* 
The modulating signal varies the carrier 
frequency to develop the transmitted signal* 
The amount of frequency deviation depends on 
the amplitude of the modulating signal while 
the rate of deviation depends upon the fre- 
quency of the modulating signal. A very 
important characteristic of FM when com- 
pared to AM is that FM is comparatively 
noise free. Noise randomly adds to the ampli- 
tude of the RF signal, and in an FM receiver 
these amplitude variations are clipped off and 
only the changes in frequency are demodulated. 

In FM transmitters, there are various ways 
of modulating the carrier. One of the most 
comn on is a reactance modulated oscillator. 



Audio signals are converted into changes of 
reactance, which are part of the carrier 
oscillator circuit. These changes of reactance 
cause the oscillator frequency to deviate at the 
modulation rate* The deviations are usually 
not enough to produce a good FM signal so 
frequency multipliers are used. The frequency 
multipliers will multiply the deviation and 
increase the frequency of the carrier* The 
last stages in the transmitter produce the 
pow^r desired tube transmitted* The antenna 
radiates the energy into space. 



The FM receiver is usually asuperheterc- 
dyne receiver with an RF amplifier, a fre- 
quency conversion stage, and an IF amplifier, 
an amplitude limiter, a frequency demodula- 
tor, audio amplifiers, and so::t*.i reproducers. 
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Module 70 



SINGLE SIDEBAND SYSTEMS 



In single sideband (SSB) and conventional 
AM communication systems the intelligence to 
be conveyed is contained in the frequency 
difference between the carrier and the side* 
ba.ids. In AM the carrier the upper and 
lower sidebands are transmitted, then in the 
receiver the sidebands are heterodyned 
against the carrier and the intelligence 
reproduced- In single sideband we want to 
convey the same signal, but only transmitting 
one of the sidebands, either the upper or 
lower. The purpose for doing this Is simple, 
all of the power a transmitter can produce 
can be concentrated in the one sideband 
rather than being distributed in a carrier 
and two sidebands as in AM* There are 
other reasons for SSB, one is the reduction 
in bandwidth, SSB has one half the band- 
width of AM! l ess bandwidth, less noise. 



Another important characteristic is reduction 
of selective fading. Selective fading occurs 
in AM when the relationships of the carrier 
and sidebands are altered during transmission 
which results in loss of signal. In SSB we 
only transmit one sideband, the relationship 
can not be altered, 

A block diagram of anSSB transmitter is 
illustrated in figure 70-1, The carrier oscil- 
lator produces the RF carrier which is modu- 
lated in the balanced modulator by the audio 
signal. The audio signal is produced in the 
microphone and amplified by the audio ampli- 
fier* Sidebands a-e prodded in the balanced 
modulator and coupled to the filter, the 
carrier is not coupled to the filter. Only 
one set of sidebands , (uppe r or lower) 
pass thru the filter, heterodynes in the mixer 
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with the ouput of an oscillator, the sum fre- 
quency is amplified by the driver and power 
amplifier and delivered to the antenna for 
radiation. 



The block diagram of a SSB receiver is 
illustrated in figure 70-2. The antennainter- 
cepts the electromagnetic wave and converts 
it into RF current* The RF amplifier selects 
and amplifies the desired RF signal from the 
antenna. This signal is then coupled to the 
frequency conversion stage which converts it 
to the IF. The IF is selected and amplified 
by the IF amplifier and coupled to the product 
demodulator. The oscillator sends an RF 
signal tfhe carrier) to the product demodu- 
lator. The IF signal (wideband) and RF signal 
(carrier) from the oscillator are heterodyned 
in the demodulator and the audio signal is 
produced, The audio is amplified by the 



audio amplifier and power audio amplifier and 
reproduced as sound by the speaker. 

The schematic diagram of a SSB 
transmitter is illustrated in figure 70-3. 
The carrier oscillator Q102 produces the 
carrier which is coupled to the balanced 
modulator CR101. The audio is amplified by 
Q101 and coupled to CR101, In CR101 the 
sidebands are produced and coupled to the 
filter* Only one set of sidebands is passed. 
The sidebands are coupled to the mixer Q104. 
The oscillator signal from Q103 is coupled 
to Q104 and the sum frequency is selected 
and coupled through T106 to the driver V101 
then to the power amplifier V102. The signal 
is coupled thru T107 to the antenna for 
radiation into space. The DC paths in Q101, 
Q102, Q103 and Q104 are from ground 
thru each stage to V cc . The DC paths in 
V101 and V102 are from ground thru the 
stages to B+. 
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Figure 70-4, 3SB Receiver 
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Tbe schematic diagram of a SSB receiver 
is illustrated in figure 70-4. The RF oscilla- 
tions are produced in the antenna by the 
electromagnetic waves* The RF amplifier 
Q101 selects the desired RF signals, 
amplifies them and couples them to Q102 the 
frequency converter. In Q102 the RF fre- 
quency is converted by heterodyning action 
to the frequency which is coupled to Q103, 



the IF amplifier* The IF is amplified and 
coupled to Q107, Oscillations produced by 
Q108 (carrier) are also coupled to Q107* The 
two signals are heterodyned in Q107 and the 
audio signal is produced. The audio is then 
amplified by Q104 f Q105 and Q106, The 
speaker then converts the audio signal to 
sound. The DC paths of current in each 
stage is from ground thru the stage to V rr * 



Module 71 
PULSE MODULATION SYSTEMS 



Pulse modulation is the process of modu- 
lating an RF carrier by a pulse train. Pulse 
modulation has many uses, such as telemetry 
and time division multiplexing, but its main 
use is in pulse radar. Radar transmitters 
usually operate on the principle of producing 
a pulse of RF energy at certain intervals 
and for certain time durations. The pulse 
of energy produced bythetransmi.ttertravels 
through space away from the transmitter 
at about the speed of light, strikes an 
object, and is reflected back towards the 
transmitter* A receiver located near the 



transmitter receives the returned energy and 
produces a video signal, A cathode ray tube 
is usually used to measure the time required 
for the energy to travel from the transmitter 
to the target and back to the receiver. How- 
ever, we are mainly concerned with how the 
transmitter produces the pulse of RF energy 
and how the receiver converts the returned 
signal to video* A block diagram of a pulse- 
modulated transmitter system is illustrated 
in figure 71-1* The power supply furnishes 
the power to charge the pulse forming net* 
work (PFNh The charging choke and diode 
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figure 71-1* Pulse Modulated Transmitter 
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will charge the PFN to nearly twice the power 
supply voltage. The PFN stores the energy 
and will determine the duration of the pulse 
of energy supplied to the oscillator , The timer 
produces trigger pulses that cause the switch 
to operate and allows the PFN to discharge. 
The switch is a gas thyratron, *Vhen the 
PFN discharges through the pulse trans- 
former it couples the energy to the trans- 
mitter tube. The transmitter tube produces 
output RF oscillations during the time of the 
pulse. 



The block diagram of a pulse modulated 
receiver is illustrated in figure 71-2, The 
antenna intercepts the electromagnetic waves 
and converts them into RF currents. The RF 
amplifier selects the desired RF signals 
from the antenna, amplifies them, and couples 
them to the frequency converter which con- 
verts them to the IF frequency. The IF is 
selected and amplified by the IF amplifier 
and coupled to the detector. The detector 
reproduces the video from the IF, The 
video is amplified by the video amplifier, 
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power video amplifier, and reproduced by 
the indicator. 



The schematic diagram of a pulse modula- 
ted transmitter is illustrated in figure 71-3. 
The PFN charges to nearly twice the power 
supply voltage (V101 and V102) and holds 
that charge, A positive trigger is applied to 
the grid of VI 05 which ionizes and allows 
the PFN to discharge through T103 and 
couples a pulse of energy to the plate of 
the RF oscillator, VI 06, The oscillations 
are produced during the pulse and coupled 
to the antenna by T104. The DC paths in 
each stage are from ground through the stage 
to Bf, The bias for V105 is from the negative 



power supply VI03 through R103 and R104 
to ground. 

The schematic diagram of a pulsed modu- 
lated receiver is illustrated in figure 71-4. 
The RF oscillations are produced in the 
antenna by the electromagnetic waves. The 
RF amplifier , Q101, selects the desired 
RF signals, amplifies them, and couples them 
to the frequency converter, Q102, In Q102 
the RF is converted by heterodyning action 
down to the IF frequency which is coupled 
to the IF amplifier, Q103. The lFisamplified 
and coupled to CR101 for demodulation. The 
video is then amplified by Q104, Q105, and 
Q106. The indicator then displays the video. 
The DC paths of current in each stage is 
from ground through each stage to 



Module 72 
TROUBLESHOOTING TECHNIQUES 



A schematic diagram is a plan or diagram 
of an electronic circuit using standard sym- 
bols, StudentHandoutKEP-SH-K -1, contains 
a block diagram and a schematic diagram of a 
typical superheterodyne radio receiver. Both 
diagrams are divided by dotted lines to show 
the RF, IF, and Audio sections. 

Troubleshooting requires a logical step- 
by-step procedure to isolate p. problem. 
Basically, these steps are: 

1, An Operational Check 

2, Visual Check 

3* The Half-Split Method 

4, The~3tage-by-Stage Method 

5, Component Isolation 

The operational check is used to determine 
the section or stage of the system that is not 
operating properly. Someof these checks may 
consist of meter readings, oscilloscope 
readings: or power, frequency, signal to noise 
ratio, and percent of modulation checks * 

The half-split method Is used by dividing a 
complex system in half and determining which 
half contains the malfunction. This 
process is repeated until the fault is isolated 
to a stage. 



The stage^by-stage method is a process where 
each stage is checked in turn, starting at the 
output and working toward the input. An RF 
signal generator may be used to inject a 
signal into the various stages while an oscil- 
loscope may be used to monitor the output, 
^Vhen injecting the signal into the RF section 
of the receiver in SH-IX-l, a modulated 
535 kHz to 1605 kHz is used. In the IF 
section, modulated 455 kHz is used. When 
injecting a signal into the audio section it is 
most common to use a 400 H2 or 1000 Hz 
signal. 

The component isolation step occurs when 
the trouble has been isolated to a stage. 
Voltage and resistance checks are then used 
to determine the faulty component. 

The visual check is made during any of 
the steps. Some of the things that can be 
determined by this check are frayed 
insulation, burnt components, evidence of 
arcing, broken leads or smoke from over- 
heated components. 

Once the bad component is replaced, 
another operational check is needed. This 
insures that all the troubles are cleared and 
the equipment is operating at peak 
performance. 
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Theoretical troubleshooting is also 
important. During the half-split or stage- 
by-stage methods, it is necessary to consult 
the block diagram. Here a knowledge of the 
purpose and operation of each stage is re- 
quired. When the trouble is isolated to a 
stage, the schematic diagram must be used. 
When voltage and resistance checks are made 
within the stage, a knowledge of the purpose 
of each circuit component and its rela- 
tionship to other components is necessary. 



For example, if a good signal were found on 
the base of amplifier Q105 and there was 
no output from the collector, the trouble 
would be isolated to that stage. The first 
step in locating the defective component 
would be a voltage check- For example, the 
collector was found to be at Vqq and 2ero 
volts on the emitter there are two possible 
troubles. The transistor could be bad or 
resistor R117 could be open f further resist- 
ance checks would locate the bad component. 
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ELECTRONIC PRINCIPLES 
MODULE 63 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course, This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives* 

CONTENTS 



TITLE PAGE 

Overview i 
List of Resources i 
Adjunct Guide 1 
Module Self-Check 3 



OVERVIEW 

1. SCOPE. This module presents material 
on the process of heterodyning. It discusses 
the need for heterodyning, how neiv fre- 
quencies equal to the sum and difference 
of two signals are produced, the require- 
ments and some actual circuits used as 
heterodyning stages. 

2, OBJECTIVES; Upon completion of this 
module you should be able to satisfy the 
following objectives; 

a. Given a list of statements, select 
the one that describes heterodyning. 

b. Given a list of statements concerning 
heterodyning match each with the terms: 

(1) Nonlinearity 

(2) Mixing 

(3) Filtering 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following 



READING MATERIALS; 
Digest 

Adjunct Guide with Student Text DC 



AUDIO- VISUAL AIDS 

TVK-30-652 Heterodyning 

SELECT ONE OF THE RESOURCES 
AND BEGIN YOUR STUDY OR TAKE 
THE MODULE SELF-CHECK. CONSULT 
YOUR INSTRUCTOR IF. YOU REQUIRE 
ASSISTANCE. 



Supersedes Guidance Package, KEP-GP-63, 1 June 1974 
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ADJUNCT GUIDE 

INSTRUCTIONS: 
Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the back of this guide* 

If you experience any difficulty, contact 
your instructor. 

Begin the program. 



Heterodyning is necessary for the trans- 
mission and detection of modulated radio 
waves. This guide will assist you in studying 
and understanding the basic facts about 
heterodyning, 

A, Turn to Student Text Volume DC and 
read paragraphs 1-1 through 1-7, 

1, Heterodyning is the process of: 

a, producing sum and difference 
frequencies by using one original frequency. 

b, beating two original frequencies 
in a linear device to produce sum and dif- 
ference frequencies. 

c, combining two frequencies in a 

nonlinear device to produce frequencies equal 
to the sum and difference frequencies. 

d, beating a signal in a liner 
device and extracting sum and difference 
originals, 

2. What is a nonlinear device? 

_ a. A device which allows current 
flow equally in both directions and thus can 
be used as a heterodyne element. 

b. Any component which passes all 

frequencies. 



- c. An element, suchas atransistor, 
operated in the straight portion of its operating 
curve • 

d, A device not allowing a current 

floy proportional to its applied voltage* 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDE, 



B, Turn to Student Text Volume K and 
read paragraphs 1-8 through 1-13* Return 
to this page and answer the following questions , 

1, A condition for heterodyning to occur is: 

a, each voltage must be changing at 

a different frequency, 

b* each voltage must be changing at 

a different ampliutde, but at the same 
frequency, 

, c, only one voltage must be present, 

* d* an AC and a DC voltage are 

required in a nonlinear device, 

2, Heterodyning produces: 

a, harmonics of the two original 

frequencies . 

b. the sum frequency of the two 
originals, 

c. the differencefrequencyofthetwo 
original frequencies, 

d» all of the above, 

CONFIRM YOUR ANSWERS AT THE BACK OF 
THIS GUIDE. 



C* Turn to Student Text Volume DC and read 
paragraphs I-I4 through 1-16. Return to this 
page and answer the following questions. 

1, Filtering as used in heterodyning cir- 
cuits refers to: 

— a, the injection of usable harmonic 

frequencies. 
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b. the selection of a frequency and 

rejection of all others, 

■ c, the rejection of all frequencies. 

d, the rejection of one frequency 

and passing of all others. 

2. A filter for heterodyne purposes is 
made up of: 

a. a capacitor. 

.. b, an inductor, 

c* a tank circuit 

, d. a diode with variable capacitor 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDE, 



D. Turn to Student Text Volume DC and 
read paragraphs 1-17 through 1-23. Return 
to this page and answer the following 
questions, 

1, In a radio receiver, the resulting lower 
frequency from heterodyning the RF signal 
with the locci oscillator signal is called: 

a* audio frequency. 

. b. radio frequency. 

c, secondary frequency, 

d. intermediate frequency. 

2. The difference between a mixer circuit 
and a converter circuit is: 

. . a. the mixer uses one transistor 

and a converter uses two transistors. 

fc b. the mixer passes higher fre- 
quencies than the converter. 

c. the converter is less efficient, 

d, the converter requires one tube 
or transistor. 



3, What is required in a receiver in ordor 
to have frequency conversion? 

a. Two different signal frequencies, 

a filter circuit, and a nonlinear device, 

b. One high level signal frequency, 

a non-linear device, and a filter circuit. 

— c. A non-linear device and two equal 
frequencies s 

. d. An output frequency selection 

device so that new conversion frequencies 
can be selected. 



CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDE. 



E, Turn to Student Text Volume IX and 
read paragraphs 1-24 through 1-26. Return 
to this page and answer the following question. 

1, Why will the difference frequency out of 
the converter circuit in the text illustration 
always be the same? 

a. The local oscillator frequencyis 

always the same. 

. b. The input tank circuit is gang- 
tuned with the local oscillator so that the 
difference frequency always remains the same. 

c. The radio frequency does not 

change even though the local oscillator is 
varied* 

d. The transistor prevents a change 

in the frequency. 



CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDE. 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 
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MODULE SELF-CHECK 

QUESTIONS: 

1. The conditions necessary for heterodyning 
to occur are: 

, a. two like frequencies and a 

resistive device, 

b. two unlike frequencies and a 
nonlinear device. 

, c. one frequency and linear device* 

d, two unlike frequencies and a 

liner device, 

2. Heterodyne filtering results in the selec- 
tion of one frequency through; 

■ a. the recombination of all the ori- 
ginals into one frequency, 

b, a resistive load, 

c* the rejection of all other fre- 
quencies by the diode which results in their 
return to the input circuit. 

, d* a tuned circuit which offers a high 

impedance to the desired frequency while 
passing all others to ground. 

3. Which of the following set of frequencies 
could be correctly found in a frequency con- 
version circuit of a receiver* 

a. 1490 kHz, 1945 kHz, 2525 kHz, 

455 kHz. 



. * b. 1490 kHz, 455 kHz, 3435 kHz, 

1035 kHz, 

c. 1490 kHz, 1945 kHz, 3435 kHz, 

455 kHz, 

. , d, 1490 kHz, 1035 kHz, 2525 kHz, 

1945 kHz, 

4. A receiver tuning dial is tuned from a 
high to a lower frequency, which of the 
following actions would be necessary to 
produce the necessary conversion frequency 
within the receiver? 

, . a* Raise the local oscillator fre- 
quency by an equal amount, 

■ b* Lower the local oscillator fre- 

quency by an equal amount, 

> c. Lower the local oscillator fre- 

quency by an amount proportional to the 
frequency being used, 

d. Raise the local oscillator fre- 
quency by an amount proportional to the 
frequency being used. 

5* What are the two possible oscillator 
frequencies required, if the incoming RF 
signal is 1800 kHz and the desired output 
is 455 kHz? 

a, , # 

b. 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDE. 
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ANSWERS TO A - ADJUNCT GUIDE 

1. c. 2. d. 

If you missed ANY questions, rsview 
the material before you continue. 

ANSWERS TO B - ADJUNCT GUIDE 
1. a 2. d 

If you missed ANY questions, review 
the material before you continue. 

ANSWERS TO C - ADJUNCT GUIDE 

1. b 2. c 

If you missed ANY questions, review 
the material before you continue. 

ANSWERS TO D - ADJUNCT GUIDE 

1. d 2. d 3. a 

If you missed ANY questions, reveiw the 
material before you continue. 



ANSWERS TO E - ADJUNCT GUIDE 
1. b 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO MODULE SELF-CHECK 

1. b 

2. d 

3. c 

4. b 

5. a. 1315 kHz 
b. 2255 kHz 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR INSTRUC- 
TOR FOR FURTHER GUIDANCE. 
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ELECTRONIC PRINCIPLES 
MODULE 64 
MODULATION 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course, This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives. 

CONTENTS 



TITLE PAGE 

Overview i 
List of Resources 1 
Adjunct Guide 1 
Module Self-Check 5 
Answers 8 



OVERVIEW 

1, SCOPE: The material presented in this 
module covers the purpose of modulation and 
the various forms of modulation to include 
amplitude, frequency, phase, pulse and single 
sideband modulation. It brings out the relation- 
ships between the modulating signal, the 
carrier signal and the resulting sidebands. 



2. OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 



a. Given a list of statements about modu' 
lation, select the one which describes 

(1) amplitude. 

(2) frequency. 

(3) phase, 

(4) pulse * 

(5) single sideband. 



b. Given a list of statements about modu- 
lation, identify the one which describes 

(1) intelligence signal, 

(2) carrier wave, 

(3) sidebands* 

c* Given a formula and an oscilloscope 
representation of a carrier modulated wave- 
form showing E maximum and E minimum, 
compute the percent of amplitude modulation. 

d. Given a list of statements about fre- 
quency modulators, match each with the; 

(1) reactance tube modulator. 

(2) varactor modulator. 

e. Given a list of statements about fre- 
quency modulation, select one that describes 

(1) frequency deviation, 

(2) modulating signal. 

(3) rate of frequency change. 



Supersedes KEF-GP-64, 1 May 1974. 
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LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following: 

READING MATERIALS; 
Digest 

Adjunct Guide with Student Text, Volume DC 

AUDIO VISUALS: 

TV Lesson, Varicap Modulation, TVK-30- 
607 

TV Lesson, Reactance Tube Modulator, 
TVK- 30-606 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR , WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the back of this Guidance Package* 

Contact your instructor if you experience 
any difficulty. 

Begin the program. 

An unde rstanding of modulation is necessary 
in order to study transmitter and receiver 
principles. 



A. Turn to Student Text, Volume DC and 
read paragraphs 2-1 through 2-9* Return 



to this page and answer the following 
questions, 

1* The characteriatics of a sine wave which 
can be altered by the modulation process 



are 



.and 



2. Three basic methods of modulation are 
■ a. phase, velocity, amplitude. 

* b. amplitude, frequency, and phase. 

< c* amplitude, intensity, and 



frequency . 

d» frequency, amplitude, and 

velocity. 

3* Match the following terms with the 
statements on the right: 

— a* Intelligence (1) frequencies pro- 

signal duced by 

modulation 

, b« Carrier 

wave (2) the modulating 

information 

- c. Sidebands 

(3) reference signal 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 



B. Turn to Student Text, Volume DC and 
read paragraphs 2-10 through 2-29. Return 
to this page and answer the following 
questions. 

1. The modulated AM wave contains the 
carrier frequency plus 



a* at least two new frequencies, 
b* the modulating signal frequency, 
c. the reference frequency. 
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2. The amplitude modulated carrier Is the 

sum of the carrier 

and new frequencies. 

3. Indicate true or false for the following 
statements: 

, a. The original modulating fre- 



quency will be transmitted. 

_ b. The complex modulation wave- 



form contains many frequencies. 



E - E ♦ 
max min 

E f E , 
max min 



x 100 



n 



& — 



T 



T 



■ c. The frequencyof the carrlerwave- 
form will not change during the amplitude 
modulation process* 

4. The bandwidth of an AM signal refers 



Figure 1 

3. Using figure 1, what would the minimum 
value btf in order to achieve 100 percent 
modulation? 



to the 



the 



transmitted signal will occupy in the fre- 
quency spectrum. 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 



4. T ffhat would be the result of over- 
modulation? 



CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 



C. Turn to Student Text, Volume DC and 
read paragraphs 2-30 through 2-38. Return 
to this page and answer the following 
questions. 

1. Modulation factor is 

a. always 100 percent 

b. equal to the amplitude variations 
times the transmitted power. 

„_ c. a ratio of the difference and sum 
of maximum and minimum peak- to-* peak 
variations of the modulated carrier. 

d. a factor of the fundamental 
carrier reference to the original modulating 
signal* 

2. Using figure 1 and the following formula, 
calculate the percent of modulation. 



D. Turn to Student Text, Volume DC and 
read paragraphs 2-39 through 2*44. Return 
to this page and answer the following 
questions. 

1. Total transmitted power is equal to the 
sum of the carrier power plus the 

and the 

power. 

2, What will be the total sideband power 
at 100 percent modulation if the carrier power 
is 50 watts? 



3, Indicate true or false for the following 
statements assuming that modulationis 100? 0 *. 

, a. Total sideband power is one-half 

the carrier power, 

b. Sideband power is distributed 

equally in two sidebands* 



2 
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c* Each sideband contains one-third 

of the total power, 

d. The carrier contains two-thirds 

of the total power* 

4* What would be the result if the modu- 
lating frequency, which was causing 100 
percent modulation, was reduced in 
amplitude? 

__ _ a* The carrierpowerwouldincrease 
and sideband power would decrease, 

b* Total power would remain the 

same although the sideband power would be 
reduced. 

. c. Both carrier power and side- 

band power would decrease, 

d. Carrier power would remain the 
same while sideband power would decrease, 

CONFIRM YOUR ANSWERS AT THE BACK OF 
THIS GUIDANCE PACKAGE* 



E* Turn to Student Text, Volume IX and 
read paragraphs 2-45 through 2-73* Return 
to this page and answer the following 
questions* 

K What principle is involved in the pro- 
duction of the modulated output from an AM 
transmitter? 



- d, A carrier, an intelligence signal, 

a balanced modulator, and sideband filter, 

3* In single sideband transmission, the 

carrier is , and one 

sideband is 

4. The carrier is suppressed in the balanced 

modulator circuit because the 

in the module; 1 remains balanced* 

5* Indicate true or false for the following 
statements concerning sideband filters: 

- a. A sideband filter can be either 
electrical or mechanical* 

- b* The mechanical filter is an 
electrically resonant device, 

c. The mechanical filter converts 

electrical energy into mechanical energy, 
then converts mechanical energy back to 
electrical energy* 

d. The transducer of a mechanical 

filter operates on the principle of 
magnetos tri ct ion . 

* e* The transducer of a mechanical 

filter passes only the two sideband 
frequencies* 

CONFIRM YOUR ANSWERS AT THE BACK OF 
THIS GUIDANCE PACKAGE, 



2, Which of the following items are required 
to generate a single sideband signal: 



F, Turn to Student Text, Volume IX and 
read paragraphs 2-74 through 2-103, Return 
to this page and answer the following 
questions* 



a* An intelligence signal, abalanced 1. The BW,of the SSB signal is approxi- 



modulator, a sideband generator, and ?n 
audio wave. 



mately 



the AM signal* 



the BW of 



. b* An unbalanced modulator, aside- 

band filter, and an intelligence signal* 

. c, A sideband filter, an intelligence 



signal, an amplitude generator, andacarrier 
signal* 



2, Just as in AM, when the peak voltage 
amplttude of the SSB modulating signal equals 



the carrier, we have 
percent modulation* 



3 
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3. The output from an FM modulator will 
be at the center frequency 

, a. when the modulating signal has 

zero amplitude. 

- b. when the modulating signal has 
maximum amplitude. 

c. only when the modulator is first 
put into operation. 

< . d, every time the modulating signal 

is at its maximumum positive peak. 

4. The amplitude of a frequency modu- 
lated RF wave 

_ _ a. will vary at the rate of the 
modulating signal. 

b. will vary at the rate of the 
audio frequency. 

i c. will remain constant. 

d. varies only when the modulation 
drops to a very low level. 

5. Maximum deviation of the FM oscillator 

will occur at the <^^^_^_^^^^^^__ 

voltage of the modulating signal. 

6. Answer the following statements true 
or false: 

_ _ . a. The frequency of the audio signal 
determines the rate of carrier frequency 
deviation. 

— — . b. The FM wave contains an infinite 
number of sidebands. 

, c. The number of significant side- 

bands is determined by the modulation index. 

, d. A significant sideband must 

contain at least one pevcent of the total 
transmitted power. 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 



G. Turn to Student Text, Volume DC and 
read paragraphs 2-104 through 2-120. Return 
to this page and answer the following 
questions, 

1. The formula for modulation index (MI) 
is Ml = Fd/Fm. What will happen to modu- 
lation index if the amplitude of the modu- 
lating signal is increased? 

— ~ a. It will not change since the modu- 
lating signal amplitude is not a factor of 
modulation inde:c. 

— - b. It will increase. 

— — ^« c. It will decrease, 

d. Itcannotbe determined because 

increasing the modulation amplitude changes 
other factors which are related to both 
elements of the formula. 

2. The heart of the reactance tube modu- 
lator circuit is the - — . 

network. 

3. The basic principle of the reactance 
tube modulator is 

, „ a. The shunt effect of the tube causes 

a resistive imbalance of the tank circuit 
which varies the output frequency. 

. „ ., , „ , b. A .resistive network produces a 
bridge effect in parallel with a varying 
output tank circuit. 

, c. An input signal causes the tube 
plate load resistor to vary the tank voltage 
and thus the output frequency varies. 

, d. A change in tube current causes 

a change in reactance which is in parallel 
with the oscillator tank circuit. This causes 
a change in the oscillator frequency. 

4. Indicate true or false for the following 
statements: 

, a. A varactor modulator utilizes a 

diode which acts as a variable capacitor. 
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b« The depletionregionofavaractor 
diode varies with forward bias just as if the 
dielectric thickness of a capacitor were 
varied* 

- c* The varactor is designed so that 

its operation varies nonlinearly such that 
the output frequency is directly related to 
the input* 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE, 



H* Turn to Student Text, Volume DC and 
read paragraphs 2-121 through 2-137. 

1, The difference between phase modulation 
and frequency modulation is: 

a. Phase modulation wave has varying 

power, 

b« Phase modulation utilizes ampli- 
tude modulation principles, 

- c* Phase modulation does not vary 
the oscillator frequency* 

2* The number of degrees through winch 
the phase of a PM carrier is shifted Is 

proportional to the _ 
of the modulating signal. 

3- The number of significant sidebands 
will (increase/decrease/reroain the same) 
if the frequency of the modulating signal is 
increased while the amplitude remains the 
same* 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE - 



MODULE SELF-CHECK 

1- Answer the following questions true or 
false: 

a. The intelligence signal can be a 
single tone (one frequency) or a complex 
waveform* 



- b* A carrier wave is the RF output 
of the transmitter* 

— c. Sidebands are a product of the 
modulating process. 

■ d« Amplitude modulation varies the 
amplitude, of the RF signal while the frequency 
ramains constant* 

■ — - e« In frequency modulation the rate 
of deviation depends upon the frequency of the 
modulating signal* 

— _ f* Single sideband transmission is 
achieved with a filter to eliminate the carrier 
and a balanced modulator to allow trans- 
mission of only one sideband. 

g. Pulse modulation circuits 

require a somewhat narrower bandwidth be- 
cause the transmissions are not as complex 
as amplitude modulation. 

*™ h. The number of significant side- 
bands in FJM is determined by the modulation 
index* 

2. What will be the transmitted frequencies 
if a 1 MHz signal is amplitude modulated 
with 1 kHz? 

a. 1 kHz, 999 kHz, 1 MHz 

b. 1 MHz, 1*001 MHz, 999 kHz 

c* 1 kHz, 1.001 MHz, 1000 kHz 

d. 900 kHz, 1000 kHz, 1100 kHz 

3. The bandwidth of the transmitted wave 
in question number 2 above would be: 

a. 1 kHz 

, b. 4 kHz 

c« 2 kHz 

d. 2 Hz 
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4* Modulation factor in AM is 



9. A transducer in a sideband filter 



a* a ratio of the difference and sum 

of the maximum and minimum peak-to-peak 
variations of the modulated carrier* 

b, a measure of distortion at 100 

percent modulation* 

- c* equal to carrier power times 
modulation signal power, 

d* a type of amplitude modulation 

where the factor of the carrier level causes 
a ratio of limited distortion. 

5. An oscilloscope shows an AM envelope 
to have a maximum voltage of 50 volts and 
a minimum of 20 volts* What is the percent 
of modulation? 

. a* 23% c, 43% 

t b* 10% d. 33% 

6* A 100 percent modulated AM wave has 
150 watts of power. Match the following 
elements of the wave with its respective 
power 



* — a* is mechanically resonant to one 
frequency* 

* — ■ b* couples an electrical impulse 
from the input to the output internally* 

- - c* converts highfrequency mechani- 
cal energy to low frequency* 

■ d. converts either electrical energy 

to mechanical energy or mechanical energy 
to electrical energy. 

10* Pulse modulation is a kind of 

modulation* 

11* The BW of a pulse modulated wave is 

times the highest 

modulating signal frequency. 

12. In frequency modulation, the unmodulated 
carrier frequency is designated the 

frequency* 

13, Frequency deviation is defined as 

. a, the amount the modulating signal 

increases from 2ero + 



— a. One sideband (1) 150 watts 

(2) 100 watts 
, b* Both sidebands (3) 50 watts 

(4) 25 watts 

c* Carrier (5) 66 watts 

7* An AM carrier is modulated 100%, If 
the amplitude of the modulating signal for 
this wave were increased, the result would 

be ■ modulation. 



- b* the difference between the carrier 
center frequency and the frequency of the 
modulating signal* 

— c ( the difference between the instan- 
taneous frequency of the modulated wave from 
the carrier center frequency. 

— d* the sum of the instantaneous 

frequency of the modulated wave and carrier 
center frequency. 



8* Match the following terms with their function in a single sideband modulator; 

* a. Intelligence signal (1) Eliminates the carrier frequency 

. b* Balanced modulator (2) Produces the radio frequency 

c ( Carrier generator (3) Used to amplitude modulate the radio frequency 

d» Sideband filter (4) Causes the bandwidth to be halved 
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14. The of the 

modulating signal controls the rate of FM 
frequency change. 



1 5 . Modulation index 

a. is the ratio of frequency devia- 
tion of the earlier to the modulating signal 
frequency. 

- b, is inversely proportional to the 
number of significant sidebands. 

c. is a ratio of the carrier center 

frequency to the modulating signal amplitude. 

d, depends upon the amplitude of the 

sidebands. 

16. In a capacitlve reactance tube modu- 
lator circuit, a positive voltage from the 
intelligence source will cause the output 
frequency to (increase/ decrease/remain the 
same)* 



17. The depletion region of a varactor in 
a varactor modulator circuit serves as 

____ a, the bias for the oscillator 

* b. the plates of the variable 
capacitor. 

c. the dielectric of a capacitor. 

d* a shunt to ground for the oscil- 
lator control circuit. 



18. In a phase modulator circuit 

, a. the phase angle of the carrier is 

varied in accordance with the modulating 
audio voltage. 

— — b. the phase of the carrier is main- 
tained constant while the current amplitude 
of the resulting wave varies. 

, — c. the phase of the modulating sig- 
nal is varied in accordance with the 
intelligence. 

■ d. the phase of the center fre- 
quency element of thecarrieris shifted 90 
degrees at the maximum audio amplitude. 

lfl. If only the frequency used to modulate 
a carrier in a phase modulator is increased, 
the number of significant sidebands will 
(increase/decrease/remain the same). 

20. A difference between FM and PM is: 

, a. PM utilizes AM principles while 

FM does not* 

. _ b, FM varies the oscillator fre- 
quency while PM does not. 

- c. P' is amplitude sensitive while 

FM is not . 

l d„ FM changes frequency in accord- 
ance with the modulating signal amplitude 
while PM varies because of the modulating 
signal frequency. 

CONFRIM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 
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ANSWERS TO A - ADJUNCT GUIDE 

1. amplitude, frequency, phase 

2. b 

3. a. (2) 
b. (3) 
c (1) 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO B - ADJUNCT GUIDE 

1. a 

2. algebraic 

3. a. False 

b. True 

c. True 

4. space 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO C - ADJUNCT GUIDE 

1. c 

2. 60 percent 

3. 0 volts 

4< distortion 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO D - ADJUNCT GUIDE 

1. upper sideband, lower sideband 

2 . 25 watts 

3. a. True 

b. True 

c. False 

d. True 

4. d 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO E - ADJUNCT 


GUIDE 


1 . Heterodyning 




2, d 




3. suppressed, eliminated 




4. bridge 




5. a* True 




b. False 




c. True 




d. True 




e. False 




If you missed ANY questions 


review 


the material before you continue. 





ANSWERS TO 


F - ADJUNCT 


GUIDE 


1. one- half 






2. 100 






3. a 






4. c 






5. Maximum 






6. a. True 






b. True 






c. True 






d. True 






If you missed 


ANY questions 


review 


the material before you continue. 





ANSWERS TO G - ADJUNCT GUIDE 

1. b 

2. phase shifting 

3. d 

4. a. True 

b. False 

c, False 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO H - ADJUNCT GUIDE 

1, c 

2, amplitude 

3, remain the same 

If you missed ANY questions, review 
the material before you continue. 
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ANSWERS TO MODULE SELF-CHECK 



1, a, 
b, 
c. 
d. 
e. 
f* 

h. 



b 

c 



T 
T 
T 
T 
T 
F 
F 
T 



4, a 



6. a, 4 

b. 3 

c* 2 

7* over 

8. a. 3 

b, 1 

c, 2 

d, 4 

9* d 



10* amplitude 

11* two 

12* center 

13. c 

14. frequency 
15* a 

16. decrease 

17* c 

18* a 

19. remain the same 

20* b 



have you answered all of the 
Questions correctly? if not, 
review the material or study 
another resource until you can 
answer all questions correctly, 
if you have* consult your instructor 
for further instruction, 
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PROGRAMMED TEXT 

MODULATION MODULE 64 

Instructions: 

This text is designed to teach you the sub- 
ject material in step*t>y-step sequence. You 
will be given small bits of information, each 
followed by a short quiz. At the end of 
each major area you will find a summary 
quiz. The answers for each quiz will be 
found on top of the next even numbered page. 

Read the text carefully and answer the 
questions with care* Then turn to the cor- 
rect answers and check before proceeding 
to the next section of text. If you require 
assistance consult your Instructor* 

MODULATION 

When a radio announcer speaks into a 
microphone his voice is heard on a radio 
receiver many miles away* In this text we 
will discuss how sound is converted into the 
RF wave that is transmitted into space* 

Let's take a look at a common sine wave 
as shown in figure 1, This shows that the 
two characteristics of a sine wave are 
amplitude and time. We can change this sine 
wave by increasing or decreasing Its ampli- 
tude or frequency* There is one other char- 
acteristic of this sine wave that can be 
changed. This is done by starting it at a 




REP4-12B0 

Figure 1* Two Characteristics of a RF Sine 
Wave, 



later time. This results 
of the phase of the signal* 



in the changing 



Figure 2A shows an amplitude change on 
each succeeding cycle of the RF waveform* 
As you can see, a great increase in ampli- 
tude has been made from E-l to E-3* 

Figure 2B shows the frequency changing 
with each cycle. The time period for TP-l 
is much longer than that for TP-3* This 
means that the frequency has increased from 
TP-l to TP-3, 

Two waveforms of the same frequency are 
shown in figure 2C* Although they are the 
same frequency, note that they are not in 
phase. The peak of IV-1 occurs before the 
peak of IV- 2* 



AMPLITUDE 



INSTANTANEOUS PULSE 




Figure 2, Variations in a Sine Wave's Characteristics 
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There are three ways the sine wave 
can be changed. We can change the ampli- 
tude or change the angle. When either fre- 
quency or phase of the waveshape is changed 
its angle is changed. We can now say that 
frequency and phase changes fall into a 
general category called angle variations. 



QUICK QUIZ 1 

1, The three ways to change a basic sine 
wave are to change its , 

, or ., 

2, Frequency and phase changes fall under 

a general heading called 

variations. 



Before we go any further, let's learn the 
meaning of some new terms, 

CARRIER*- an assigned reference frequency. 
It is a constant frequency signal that is 
assigned by the Federal Communications 
Commission (FCC) to each radio, tele- 
vision radar, or other transmitter used 
in this country. Very little drift irom 
this frequency is permitted. This prevents 
interference by the overlapping of stations 
and makes full use of the radio frequency 
spectrum * 

INTELLIGENCE: an electrical wave or 
impulse that conveys an idea or expression* 
This could be an audio frequency such as 
voice or music* 

MODULATION: the process in which the 
amplitude, frequency, or phase of an RF 
carrier wave is varied with time in 
accordance with the waveform of the super- 
imposed intelligence. This means that an 
intelligence signal will be used to either 
change the amplitude, frequency + or phase 
of a basic sine wave. 

Now with these definitions in mind let's 
look at the meaning of the following terms: 



AMPLITUDE MODULATION (AM): the process 
of using intelligence to modify the ampli- 
tude of an RF carrier, 

FREQUENCY MODULATION (FM): the pro- 
cess of using intelligence to modify the 
frequency of an RF carrier, 

PHASE MODULATION (PM): the process of 
using intelligence to modify the phase of 
an RF carrier. 



QUICK QUIZ 2 

1 ♦ The term modulation means that an 
intelligence signal is used to vary the 

, * or , 

of an RF carrier, 

2, A carrier wave is defined as an assigned 



3, Intelligence signal means, an electrical 
wave or impulse that conveys an 

. or , 

4, Three types of modulation are 

modulation, - modulation, and 

, modulation. 



When studying the process of HETERO- 
DYNING, we found that when two or more 
frequencies are applied to a non-linear 
impedance, new frequencies are generated. 
These new frequencies are the sum and the 
difference of the two originals. 

Now we are going to use the heterodyning 
process to modulate an RF carrier* One 
frequency will be the RF carrier and the 
other frequency will be the intelligence 
signal* The two will be applied to a non- 
linear Impedance and the sum and difference 
frequencies wiii be generated. 

Before proceeding further, let's look at 
another new term. 



2 





Figure 3. Complex Waveshape of 
Intelligence Signal 

SIDEBANDS: frequency bands on either side 
of the carrier which contain the fre- 
quencies produced by modulation. 

When a single frequency Is heterodyned 
with the carrier, one upper and one lower 
frequency are produced. These are the sum 
and difference ofthetwoorlginalfrequencles* 
When voice communication Is used, 
the intelligence signal is a wave made up 
of many frequencies as shown in figure 3. 

When this wave is heterodyned with the 
carrier, many lower and upper sideband 
frequencies are generated* There is one lower 
and one upper frequency for each of the 
frequencies found In the complex audio wave. 

There are two requirements which must 
be met for modulation to occur. First, we 
must have a non- linear impedance* This 
produces the sum and difference frequencies 
known as sidebands* Second, we must have a 
frequency selection device. Its purpose is to 
pass the carrier frequency and its sidebands 
and get rid of the original intelligence 
frequency, the harmonics of the intelligence 
and the harmonics of the carrier and side* 
band frequencies. The frequency selection 
device may be a parallel tank circuit. This 
circuit will have a center frequency tuned 
to the carrier frequency. The bandwidth of 
the tank circuit should be wide enough to 
pass the lowest and highest sideband fre- 
quencies. Anything below or above the band- 
width of the tank will not be passed* 



QUICK QUIZ 3 

1. In the process of modulation the intelli- 
gence is . with the carrier. 

2. The resulting sum and difference fre- 
quencies arecalledupperandlower . 

3* Two requirements for modulation are a 

, impedance and a 

frequency device* 

SUMMARY QUIZ 1 

1. Three types of modulation are— ^_^ f 

— and — — modulation* 

2* A reference frequency assigned by the 
Federal Communications Commission is 

called a frequency. 

3. Intelligence signal is an electrical impulse 
or wave that conveys an idea or expression* 
True/ False 

4* In the modulation process, intelligence 

is used to modify either the - f 

f or of the 

carrier. . 

5* During modulation thesignalsheterodyned 

together are the and , 

waves. 

6* Heterodyning two signals together 

produces , and frequencies* 

7. As a result of modulation, the sum and 

difference frequencies are called 

and sideband frequencies. 

8* When heterodyning two signals, they are 
applied to a linear impedance. True/False 
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ANSWERS TO QUICK QUIZ 1 

1. amplitude, frequency, phase 

2. angle 

ANSWERS TO QUICK QUIZ 2 

1. amplitude, frequency, phase 
2- reference frequency 

3. idea, expression 

4* amplitude, frequency, phase 

ANSWERS TO QUICK QUIZ 3 

1. heterodyned 

2. sidebands 

3. nonlinear, selection 

ANSWERS TO SUMMARY QUIZ 1 

1. amplitude, frequency, phase 

2. carrier 



3. true 

4. amplitude, frequency, phase 

5. intelligence, carrier 

6. sum and difference frequencies 

7. lower, upper 

8. false 



AMPLITUDE MODULATION 

Now that we have discussed the basic 
terms, let's take a close look at {AM) 
Amplitude Modulation. 

Figure 4 shows a single steady audio 
tone used to modulate an RF carrier. In 
commercial radio the modulating audio 
intelligence is made up of many amplitudes 
and frequencies* In this explanation we will 
use only a single audio tone in presenting 
the principles of amplitude modulation. 



CARRIER 
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Figure 4. Resemblance of Composite AM Wave and Modulation 
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Amplitude modulation alters the amplitude 
of the carrier in accordance with the fre- 
quency and amplitude of the modulating signal* 
Both of these factors affect the amplitude 
of the modulated wave, but in different ways* 
To illustrate this, let's compare the com- 
posite waveform in figure 4 with the wave- 
shape of the modulating tone. 

A dotted line connecting the peaks of the 
composite waveform has the frequency and 
shape of the audio waveform. Both audio and 
carrier are sine waves, but the composite 
waveform is a complex wave. 

Now, vary the amplitude of each cycle of 
the modulating signal as we have done in 
figure 5. The smaller amplitude in the audio 
wave causes smaller amplitude variations in 
the composite wave. 

Now let's see what happens when the modu- 
lating frequency changes. In figure 6 we have 
caused the audio frequency to increase and 
then decrease again* The composite wave 
changes as the audio frequency changes* 

Look over all of the diagrams in this 
section once again and firmly establish them 
in your mind. From what we have seen 
thus far we can draw two firm conclusions 
concerning amplitude modulation: 
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Figure 5. AM When Modulating Signal 
Amplitude Changes 



1. The frequency of amplitude variations of 
the modulated waveform is proportional to 
the frequency of the modulating signal. 

2. The amount of amplitude of th« modulated 
waveform Is proportional to the amplitude of 
the modulating signal. 



QUICK QUIZ 4 

1* The modulated wave is a complex wave 
made up of the carrier, audio, and side- 
band frequencies. True/False 

2. Amplitude modulation causes the com- 
posite waveform to vary both in frequency 
and amplitude. True/False. 

3. The frequency of the amplitude changes in 
the modulated waveform are in proportion 

to the of the audio signal, 

4. The higher the amplitude of the modu- 
lating signal the the 

(Higher/Lower) 
amplitude of the modulated waveform. 



Since the carrier and intelligence signals 
were heterodyned together during the modu- 
lation process, the composite wave con- 
tains new frequencies. 
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Figure 6. AM When Modulating Frequency 
Varies 



5 

214 



2£><r 



ANSWERS TO QUICK QUIZ 4 
1 . False 
2. True 



3 • frequency 
4, higher 




Figure 7, Components of an AM Wave 
6 
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The parts of the modulated carrier wave 
are shown in figure 7, This breakdown shows 
that the modulated carrier (figure 7A) con- 
tains the carrier frequency (figure 7B) plus 
two new frequencies (figure 7D and figure 7E). 
The unmodulated carrier shown in figure 7B 
has a frequency of 1000 kHz with a constant 
amplitude, (figure 7C). 

The upper frequency of 1001 kHz is equal 
to the carrier frequency plus the modulating 
frequency. 

The lower frequency of 999 kHz is equal 
to the carrier frequency minus the modulating 
frequency. The amplitude of both new fre- 
quencies are equal. 



2« The wave to be transmitted contains 
several frequencies, True/False 

3. The carrier is the result of hetero- 
dyning* True/False 



The amplitude modulated waveform is the 
algebraic sum of the instantaneous ampli- 
tudes of the carrier and tile upper side 
frequency and the lower side frequency 
signals « These waveforms are drawn using a 
common scale with respect to time in figure 
8* The modulated wave then contains three 
distinct frequencies when modulated with a 
single tone, the carrier wave, the upper 
side frequency, and the lower side frequency. 



Quick quiz 5 

1. If the carrier frequency is 1000 kHz 
and the intelligence frequency is 10 kHz, 



the difference frequency will be 
and the sum frequency will be 



QUICK QUIZ 6 

I« The modulated wave consists of the 
carrier only. True/False 

2« During modulation the lower side fre- 
quency, upper side frequpiicy and carrier are 
algebraically added. True/False 




3, The wave totetransmittedcontains three 
frequencies, True/False 



Figure 9 shows the Spectrum Analysis of 
an AM wave, this graph shows the amplitude 
of the signal versus frequency. The left 
side of the graph is the lowest frequency 
and the right side is the highest frequency. 
In figure 9 the modulating signal is 1000 
Hz and the carrier is 1000 kHz, When hetero- 
dyned a composite wave is originated that 




MODULATING 
FBEQUSHCT 



COPIES 



LONER 



FREQUENCY 



V 

TfltNSHlTTEP 
FQEOUEhOES 



Figure 8, Algebraic Addition of Components Figure 9. Spectrum Analysis of an 
in an AM Waveform AM Waveform 
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ANSWERS TO QUICK QUIZ 5 



2* The composite wave that is transmitted 



1, 990 kHz, 1010 kHz 
2* true 
3. false 



ANSWERS TO QUICK QUIZ 6 

1 , false 

2, true 

3, true 



contains the carrier, lower side frequency, 
and upper side frequency* All of the fre- 
quencies shown in figure 9 are present, 
but a filter circuit is used to pass only the 
three frequencies in the composite wave, the 
modulating frequency is eliminated* At this 
point, it is important for you to see that 
the original intelligence is not a part of the 
transmitted wave. 



QUICK QUIZ 7 

1, The spectrum graph has frequency plotted 
vertically and amplitude horizontally. True/ 
False 



contains the 1 the 

upper, and side- 
band frequencies. 

3. The intelligence signal is not a part of 
the transmitted signal. True/False 



In actual operation mostwaveformsusedto 
modulate an RF carrier are complex 
waveforms. 

Figure 10A shows a complex waveform. 
This waveform is made up of four fre- 
quencies: 1 kHz, 2 kHz, 3 kHz, and 4 kHz. 
When this signal is used to modulate a 
600 kHz carrier, four upper and four lower 
frequencies are developed. These signals and 
the carrier are shown in figure 10B. 

The upper frequencies are 601 kHz, 602 
kHz, 603 kHz, and 604 kHz, and are called 
the upper sideband (USD) signals. The lower 
frequencies are 596 kHz, 597 kHz, 598 kHz, 
and 599 kHz and are called the lower 
sideband (LSD) signals. 



MODULATING 
WAVEFORM 



1+2+3+4 kHx 




f c -600 km 



USB 



BANDWIDTH 8 kH* 



REP4-12B2 

Figure 10, Development of Sidebands 



REP4-1295 



217 



The bandwidth (IFV) of an AM signal refers 
to the space the transmuted frequencies will 
occupy in the frequency spectrum. Recall 
the transmitted frequencies in AM are the 
carrier signal, and the upper and lower 
sidebands. Look at figure 10 and see that 
the USB and LSB are each 4 kHz wide. 
This means that the BW of the transmitted 
signal is 8 kHz* If a 1000 kHz carrier is 
modulated with a 10 kHz signal, the upper 
side frequency will be 1010 kHz and the 
lower side frequency will be 990 kHz, The 
bandwidth in this case will be 20 kHz, Based 
on these facts we can say that the BW is 
equal to the distance from the lowest side 
frequency to the highest side frequency. 



1. If a 1000 kHz carrier were modulated 
with a complex wave made up of 2 kHz, 
4 kHz, and 6 kHz signals, what would be the 
lower sideband frequencies? 



2. In question 1 above, what would be the 
bandwidth? 



IT 



T 



A 

KtPtt2tt 

Figure 1 1 . AM Composite Waveform 
Showing 60 Percent Modulation 

Modulation factor In AM is the ratio of 
the maximum to minimum voltage of the 
modulated waveform. The modulation factor 
times 100 gives the percent of modulation. 

Percentage of modulation can be found by 
suing an oscilloscope presentation of the 
modulated waveform, & the following formula; 

E E 

Percent of modulation = „ ' x 100 

E E 
max f min 

where 

E M - maximum amplitude of the modulated 

max 
carrier wave, 

^mio = minimum amplitude of the modulated 
carrier wave. 



3. BW is equal to the distance between 
carrier and the highest upper side fre- 
quency. True/False 

4. Many upper and lower side frequencies 
are usually generated because we usually 
modulate with a complex waveform, True/ 
False 



An AM waveform is shown in fgure 11, 
Using the formula, and the voltages given, 
let f s calculate the percent of modulation: 

% of modulation = |g " f \\ * 100 = ^| 

x 100 = ,6 x 100 = 60% 

Now use the formula and the oscilloscope 
presentation in figure 12 to find the percent 
of modulation, 



UNMODULATED 
CARRIER \^ 



MODULATED CARRIER 
PEAKS 




Figure 12. AM Composite Waveform Showing 100% Modulation 
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ANSWERS TO QUICK QUIZ 7 

1. false 

2. carrier, lower 

3. true 



ANSWERS TO QUICK QUIZ 8 

1, 998 KH&, 996 kH2, and 994 kHz 

2. 12 kHz 

3, false 

4. true 



% of modulation = =tt — - x 100 = 1 X 100 
w 200 + 0 

= 100% 

A percent of modulation of less than 100% 
is "under modulation", and the output will 
be less than maximum power output* A per- 
cent of modulation greater than 100% is 
"over modulation". Over modulation causes 
severe distortion due to the sidebands hetero- 
dyning together creating harmonics. 



A close look at the waveform in figure 12 
shows the unmodulated carrier to be 100V 
peak- tcr peak, while the maximum peak-to- 
peak carrier voltage alter modulation is 200 
V* The minimum carrier voltage alter modula- 
tion is 0V. In the composite waveform there 
are two new frequencies produced during 
the modulation process, these two frequencies 
are equal in amplitude. If the unmodulated 
carrier in figure 12 Is 100 V peak-to-peak 
and the modulated carrier is 200 V peak* 
to-peak, then the sum of the sidebands must 
be 100 V peak- to- peak. Since these two sig- 
nals are equal then each side frequency must 
be 50 V peak- to-peak. 

With over modulation, the BW of an AM 
signal will be increased due to the distor- 
tion produced. This distortion produces new 
upper and lower side frequencies which in* 
crease the bandwidth of the transmitted 
signal. 

Figure 13 A shows a modulating signal 
that is 150 V peak-to-peak. This signal is 
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Figure 14. Power and Voltage aw 100% 
Modulation 

used to modulate a carrier that Is 100 V 
peak-to-peak as in figure 13B. Note that 
during much of the negative half-cycle of the 
modulating signal, the amplitude of the modu- 
lated wave (figure 13B) is zero. Thus, the 
negative half-cycle of modulating signal has 
been clipped. This then would cause unwanted 
harmonics of the modulating signal to be 
generated during the modulating process* 
These harmonics would appear as unwanted 
frequencies in the transmitted spectrum, 
thus Increasing the BW of the transmitted 
signal. 

QUICK QUIZ 9 

1 . The ratio between the peak variations of 
a modulated wave and its reference 
is expressed at % of modulation* True/ 
False 



in figure 1 4 we can find the total power 
transmitted for a 100 percent modulated 
carrier wave. Figure 14 shows the peak 
voltage contained in the carrier and in each 
sideband. The resistance of the load is 
assumed to be 100 ohms. We know from 
earlier studies that to find power we use 
this formula: 



P = 



Use the voltage given for the carrier in 
figure 14A, and find carrier power: 



(100) 



= 100 watts 



Peak carrier pover is equal to 100 watts 
and is shown in figure 14B. The peak side- 
band power then would be found by using the 
same formula and the peak amplitude of one 
sideband. 



LSB 



(50)' 
TOO" 



~ 25 watts 



The power of the other sideband is the same 
or 25 watts* Total sideband power is the sum 
of the USB and LSB powers* We find the 
peak sideband power is equal to 50 watts. 
Total peak transmitted power then is found 
by adding carrier power to sideband power. 
Using the power given for the carrier and 
sidebands in figure 14B, the total trans- 
mitted power equals 100 + 50 or 150 watts. 

Under modulation reduces total power by 
reducing the power in the sidebands. 



E E . 
* I.*. * * max - mm _ ^ 
2. Use the formula— =; x 100 = % 

max + mm 

Find % when: 

a. Max = 80V Min = 20V % - 



b. Max = 70V Min = 30V % » 



The total power in the modulated wave is 
equal to the sum of the carrier and SB 
powers found in that modulated wave. 



Figure 15 shows the power distribution of 
an AM waveform modulated 50%. Using 
the power formula with the voltage given for 
the carrier in figure 15 A, we find: 



P = 

c 



(100) 10000 



100 



100 



= 100 watts 



The power in the carrier is still 100 watts. 
When you find the power for each sideband 
using the values given in figure 15B you will 
have 6.25 watts for each sideband or the 
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Figure 15, Voltage and Power Distribution at Fifty Percent Modulation. 
The Resistance of the Load is 100 Ohms 



ANSWERS TO QUICK QUIZ 9 

1 . true 

2. a. 60 
b. 40 



total sideband power of 12.5 watts* Total 
power in the modulated waveform then is 
found by adding carrier power to sideband 
power. Total power is 112.5 watts. 

From the preceding analysis of power 
distribution we find at 100 percent modulation: 

a. total sideband power is one half the 
carrier power. 



b. the carrier contains two thirds of the 
total power. 

c« total sideband power is one thirdofthe 
total transmitted power. 

d. the total sideband power is distributed 
equally in two sidebands. 

e. each sideband comtwpmyhone sixth of the 
total power* 

Reducing modulation to less than 100% 
(under modulation) gives: 

a. no reduction in carrier power* 
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Figure 16. Simplified Circuit Using Amplitude Modulation 
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b. less power in the sidebands. 

c. less total power. 
QUICK QUIZ 10 

1. If the carrier power were 50 watts at 
100% modulation* the total SB power would 



be 



watts. 



2. If the total power were 300 watts at 
100% modulation, the carrier power would 



be 



watts. 



3. 11 the carrier power were 200 watts at 
100% modulation the upper SB power would 



be 



watts. 



increases # the output of the RF amplifier 
increases, and when the emitter to collector 
voltage decreases* the output decreases. If 
you look at the waveforms from t2 to t3 
(figure 16) you will see that the output of 
the amplifier increased on the positive half 
cycle of the modulating signal and decreased 
on th? negative half cycle. Now look at the 
output RF waveform at t2 to t3 and note 
the amplitude variations resulting from the 
output of the amplifier increasing and 
decreasing. 

The amplifier in figure 16 is being modu- 
lated 100%* Decreasing the amplitude of the 
modulating signal causes under modulation. 
Increasing the amplitude of the modulating 
signal would cause over modulation* The 
output modulated waveform at T2 is made 
up of the carrier frequency, the USB, and 
LSB, 



7 



Figure 16 shows an RF amplifier stage 
with an audio modulating signal fed to the 
collector circuit. In this circuit* the carrier 
is applied to the base, and the collector 
voltage is varied at the modulating (audio) 
rate. 

Let*s say there is a carrier signal fed 
through Tl to the base circuit of Ql f and 
there is no audio signal applied to T3, 
Since the stage is biased class B, transistor 
Ql will conduct only on the positive alter- 
nation of the carrier input signal. The 
amplified output carrier pulses at the col- 
lector of Ql then will cause the tank circuit, 
C2 and primary of T2, to oscillate at the 
carrier frequency. This unmodulated carrier 
signal is shown on the output waveform from 
ti to t 2 . 

When an audio modulating signal is applied 
through T3 to the collector circut, the modu- 
lating voltage across the secondary of trans- 
former T3 is in series with the collector 
battery voltage V^C* The Po sit *ve half cycle 
of the audio signal voltage series aids the 
battery voltage, Vcc increasing the emitter- 
collector voltage. The negative half cycle of 
the audio voltage series- opposes battery volt- 
age VcC* decreasing the emitter- collector 
voltage. When the emitter to collector voltage 



QUICK QUIZ ll f REFER TO FIGURE 16 
1* The circuit uses the intelligence signal 
to vary the amplitude, 

2. When there i s no modulating signal 
input there will be no output, True/False 

3, The parallel resonant tank in the col* 
lectoe circuit is tuned to the modulating 
frequency. True/False 

4. The modulating signal increases and 
decreases the collector voltage, True/False 

5, If the amplitude of the modulating signal 
is decreased the total output power will 
decrease. True/False 



SINGLE" SIDE BAND 

Single-Sideband (SSB) is a term used to 
describe the process of single- sideband 
communications operation, and the equipment 
required for this type of operation. Within 
the transmitter, the carrier is suppressed 
and later restored at the receiver. Insingle- 
sideband operation* only one sideband 
is transmitted* 
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ANSWERS TO QUICK QUIZ 10 

1 , 25 watts 

2, 300 watts 
3* 50 watts 

ANSWERS TO QUICK QUIZ 11 

1* carrier 

2. false 

3. false 

4. true 

5. true 



From these statements we can say that 
during SSB modulation: 

a. a carrier is modulated with an intelli- 
gence signal, 

b. the carrier is suppressed* 

c. one of the two sidebands is eliminated* 

t. ■ 

In conventional AM, the transmitter output 
is made up of the carrier frequency, a USB t 
and an LSB. If we place a filter at the output 
of the transmitter to take out the carrier and 
one sideband, we will have SSB transmission. 

This is not the best way to obtain a SSB 
signal. A more practical method is to modu- 
late the RF carrier signal at some low power 
stage in the transmitter, suppress the carrier, 



get rid of one of the sidebands and use the 
power amplifiers to amplify the remaining 
sideband. This will let us use all of the 
available power the transmitter can produce. 
This process is called SSB generation. 

SSB type transmission is only used for 
voice communications. The ability to repro- 
duce a wide range of frequencies such as 
those found in music is very poor* This is 
called low fidelity. Some of the advantages 
of SSB are: 

a. More effective power 

b. Increased range 

c. Narrower BW allowing more stations in 
a small section of the frequency spectrum t 

QUICK QUIZ 12 

1^jSS.B transmission, only the carrier 
. J^q^ef^ 1 ^. transmitted. True/False 



2. The bandwidth of SSB is 
that of conventional AM 



3. After modulation takes place in SSB the 
is suppressed and one 
* is filtered out. 
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Figure 17. Circuits Used to Generate a Single-Sideband Signal 
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In order to generate a single* sideband signal 
we need: 

a* an intelligence signal. 

b. a carrier signal* 

c. a balanced modulator. 

d. a sideband filter. 

When these are properly connected, they 
will produce a single-sideband signal. Figure 
17 is a block diagram that shows a circuit 
that will convert the intelligence signal 
to a SSB RF signal. The intelligence signal 
is a composite waveform containing fre- 
quencies from 20 Hz to 5 kHz. 

The audio amplifier amplifies the audio 
signal from the microphone. This signal is 
coupled to the balanced modulator where it 
will modulate the 100 kHz carrier signal 
from the carrier generator. The audio and 
RF signals are then heterodyned in the 
balanced modulator to produce the LSB signal, 
95 to 99*98 kHz, and a USB signal, 100*02 
to 105 kHz* This double-sideband signal Is 
applied to the sideband filter* The carrier 
signal is not applied to the sideband filter* 
The sideband filter will select the desired 
sideband signal* In this example, the USB 
was selected and the LSB was eliminated. 

QUICK QUIZ 13 

1. What is the input to the balanced 
modulator? 

2* What is the output of the balanced 
modulator? 

3* The carrier signal is eliminated by the 
SB Filter* True/False 

4* The carrier is of no use after the 
signal leaves the balanced modulator* True/ 
False 

5. When there is no modulating signal input, 
there Is no output from the transmitter. 
True/ False 




Figure 18. Modulator Circuit of a Single 
Sideband Generator 

The balanced modulator circuit is shown 
in figure 18. Transformer Tl is used to 
couple the audio signal to points A and B. 
Transformer T2couplesboththeUSBand LSB 
outputs to Rl . T3 couples the 100 kHz 
carrier signal to points C and D* Diodes 
CR1 through CR4 have matched forward and 
reverse resistances. Gl generates the carrier 
signal* 

We can use figure 18 to see how the carrier 
is eliminated In the balanced modulator* The 
primary of T2 is connected across the bridge 
circuit at point A and B* Assume there Is 
no modulating signal applied across Tl, 
and the 100 kHz carrier signal is applied 
to T3 with the polarity shown in figure 18* 
The carrier signal fed to points C and D of 
the diode bridge will forward bias the diodes* 
The diodes conduct equally as shown by the 
arrows. There is also no difference in 
potential between points A and B* The con* 
ducting diodes represent a very low 
resistance effectively placing a short across 
the primary of T2. At this time there is no 
current flow thru the primary of T2. When 
the carrier signal at the secondary of T3 
reverses, point C on the bridge is positive 
and point D Is negative, the diodes are 
reverse biased* Again, there is no difference 
In potential between points A and B, and 
carrier current does not flow thru the 
primary of T2* The carrier signal was not 
coupled thru T2 and Rl because the bridge 
in the modulator remained balanced* The 
carrier was suppressed. 
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ANSWERS TO QUICK QUIZ 12 

1 . false 

2, 1/2 or half 
3* carrier - SB 

ANSWERS TO QUICK QUIZ 13 

1. Audio intelligence and the carrier 

2. USB and LSB 

3. false 

4. true 

5. true 



Within the balanced modulator the carrier 
signal causes the diodes to switch on and off 
at the rate of the carrier frequency. 

Figure 19 shows the action that takes place 
when the balanced modulator has both an 
audio signal and an RF carrier signal fed 
in at the same time* R2 and R3 are used to 
keep the two signals from acting on one 
another. 

The waveforms (figure 19) show one cycle 
of the audio signal with many cycles of the 
RF carrier signal on the same time axis, 
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Figure 19. Modulator Circuit of a Single Sideband Generator with Waveforms 
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but not combined in the modulator . The 
positive and negative signals show the carrier 
polarity. Note that the peak value of the 
carrier is slightly greater than that of the 
voice signal; in actual operation the carrier 
signal is much greater. 

When both waveforms (figure 19) are fed to 
the modulator, the diodes CR1, CR2 and CR3 
and CR4 will be reverse biased when the 
polarity of the carrier signal is as shown on 
T3. This polarity is shown as positive on the 
RF waveforms. Now the audio signal applied 
thru Tl makes point E positive t and point 
F negative. Current flows in the circuit as 
shown by the arrows for the duration of the 
positive half cycle of the carrier shown on 
the waveforms. On the next half cycle of the 
carrier, the polarity of the secondary volt- 
age at T3 becomes negative. The diodes are 
forward biased and the low forward resistance 
acts like a short across the primary of T2 
and keeps the signal from coupling through 
to the other winding of T2> This is repeated 
for each carrier cycle. 

The shaded areas on the waveform in figure 
20 show when the diodes are reverse biased 
and there is an output from the modulator* 
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Figure 21. Modulator Output 

The unshaded areas show when the diodes 
are forward biased and there is no output 
from the modulator. The shaded areas also 
show the polarity of the modulator output 
across Rl (figure 19)* 

The signal at the modulator output is shown 
in figure 21. The waveform contains the upper 
and lower sidebands. The carrier frequency 
is not in the output because carrier current 
does not flow in the primary of T2 (figure 
19) at any time. 




QUICK QUIZ 14, REFER TO FIGURES 18 & 19 

1* When there is no audio input to Tl 
there is no current flow through Rl. True/ 
False 

2. When an audio signal is present across 
Tl f the current in Rl flows on one half 
alternation of the carrier generator. True/ 
False 

3* When point D on the bridge is negative 
in respect to point C, current flows from 
point A to B* True/False 



Sideband filters are bandpass filters. A 
bandpass filter allows only a selected band 
of frequencies to pass* 



The BW of the SSB signal is approxi- 
mately one half the BW of the conventional 
AM signal. 

Figure 22A shows the transmitted spectrum 
of a conventional AM signal. Figure 22B 
shows the transmitted spectrum of a SSB 
signal* When the 100 kHz carrier signal of 
the conventional AM transmitter is modu- 
lated with the 5 kHz signal, the composite 
wave that is transmitted consists of the 100 
kHz carrier, the LSB 95 kHz, and the USB 
105 kHz. The BW required in the frequency 
spectrum is 10 kHz. When the 100 kHz 
carrier signal in the SSB transmitter is 
modulated with the same audio signal, only 
one sideband is transmitted* Thus, the BW 
required in the spectrum is 5 kHz* 



QUICK QUIZ 15 



CARRIER * 100 kHz MODULATION =20 Hi to 5 kHz 



f 100 kHz 

c 



9S to 99.9 kHz 


100.02 to 105 kHz 




LSB 






USB 





10 kHz BW 
TRANSMITTED 
A 



1* The BW of a SSB transmitter is approxi- 
mately , the BW of 

the conventional AK transmitter signal* 

2. Use a carrier of 100 kHz and a modu- 
lating frequency of 15 kHz and calculate 
the following: 

a* BW of a conventional AM trans- 
mitter* > 

b. BW of a SSB transmitter* 
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Figure 22* Bandwidth Comparison of 
Conventional AM and SSB Signals 



3* If the modulating signal frequency de- 
creases what happens to BW? 

a* increases 

b* decreases 

c* remains the same 

d* doubles 



PULSE MODULATION 

Another type of amplitude modulation is 
Pulse Modulation (P*M)* Pulse modulation is 
defined as the modulation of a carrier by a 
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pulse train. Pulse modulation is used for 
many things; from telegraphy to radar and 
telemetry to multiplexing. There are far 
too many applications of pulse modulation 
to tell about each of them. In this chapter 
we will cover the basic principles of pulse 
modulation* 

In figure 23, observe the modulating square 
wave. You know that it contains an infinite 
number of odd harmonics as well as its 
fundamental frequency* Let us say that the 
square wave has a fundamental frequency of 1 
kHz, and will be used to modulate anRF 
carrier signal of 1 MHz* When these signals 
heterodyne, two frequencies will be produced - 
a sum frequency (1,001 MHz), and a dif- 
ference frequency (*999 kHz)* Not only will 
the fundamental frequency of the square wave 
heterodyne with the carrier, but each of the 
harmonics contained in the square wave will 
also heterodyne with the carrier, and sum 
and difference frequencies associated with 
those harmonics are produced. For example, 
the third harmonic of the modulating square 
wave (3 kHz) when heterodyned with the 
carrier will produce an upper frequency of 
1,003 MHz, and a lower frequency of *997 
kHz, Another set of sum and difference 
frequencies are produced for the fifth har- 
monic of the square wave, and so on to 
Infinity, 

Now look at figure 23 and see the relative 
amplitude of the sidebands as ttiey relate 



to the amplitudes of the harmonics found in 
the square wave. Note the first set of sum 
and difference signals, these are directly 
associated with the amplitude of the square 
wave. The second set of sum and difference 
signals are related to the third harmonic 
content within the modulating square wave. 
The third set is associated with the fifth 
harmonic and is only one-fifth the ampli- 
tude of the first set of sum and difference 
signals* This rule will apply for each sum 
and difference signal to infinity. Notice that 
the upper and lower sidebands (figure 23) 
are made up of the sum and difference sig- 
nals produced during the modulation process. 



QUICK QUIZ 16 

1, When a square wave is used to modulate 
the carrier, one pair of SB frequencies are 
produced for the fundamental frequency and 
one pair for each of the odd harmonics* 
True/ False 

2* Refer to figure 23, If the frequency of 
the carrier is 1 MHz, and the 5th har- 
monic is 5 kHz, what would be the two side 
frequencies developed by this harmonic? 



In AM when a carrier is modulated, the 
resultant complex waveform as viewed on an 
oscilloscope appears to change in amplitude* 
Figure 24a shows a carrier modulated with 
a square wave. The peak voltage of the 
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Figure 23, Spectrum Distribution when Modulating with a Square Wave 
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ANSWERS TO QUICK QUIZ 14 b> 15 kHz 

1. true 3., b 

2. true 

3. false 

. ANSWERS TO QUICK QUIZ 16 

ANSWERS TO QUICK QUIZ 15 1. True 

1. one half 2. LSB = .995 MHz USB = 1.005 MHz 

2. a. 30 kHz - 





square wave signal is less than the peak 
voltage of the unmodulated carrier signal. 
The resultant amplitude modulated carrier 
signal above the modulating square wave 
(figure 24A) increases in amplitude when the 
square wave is positive. Note that when the 
square wave is negative, the resultant 
modulated carrier wave decreases in ampli- 
tude , In figure 24B the roodulating^square 
wave is increased in amplitude, the RF peaks 
increase as the complex waveform increases 
during the positive alternation of the square 
wave and decreases during the negative half 
of the square wave* In figure 24c the ampli- 
tude of the square wave is further increased, 
until it is almost equal to the unmodulated 
carrier voltage. The modulated wave is 
almost zero during the negative alternation 
of the square wave. Now look at figure 
24D where we increase the square wave 
modulating voltage so that it is greater in 
amplitude than the carrier* Now during the 
negative alternation of the square wave the 
modulated wave is not present* 

In the frequency spectrum associated with 
each of these conditions, note the carrier 
amplitudes stay constant in figure 24A, B, 
and c but the sidebands are increasing 



in amplitude as the amplitude of the modu- 
lating square wave increases* In figure 
24D; however, we increase the square wave 
modulating voltage so that it is greater in 
amplitude than the carrier. Note that the 
sideband power distribution does not change, 
but as the sidebands take on more of the 
transmitted power, so will the carrier. 

So far in pulse modulation the same 
general rules apply as in AM* In figure 
24C where the peak amplitude of the square 
wave is about equal to the peak amplitude of 
the unmodulated carrier, we have about 100% 
modulation. 

In AM the bandwidth of the transmitted 
waveform is always two times the highest 
modulating signal frequency contained in the 
modulating waveform. The same holds true 
for PM, 

Thus far, we have established a carrier, 
and then we caused its peaks to increase 
and decrease as the square wave is applied. 
Some pulse modulation systems modulate a 
carrier in this manner. Other systems pro- 
duce no RF carrier until pulsed, and rf 
occurs during the pulse. As an example, 
look at figure 25 and establish a carrier 
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Figure 25, Pulse Transmission 



21 



230 



frequency of 1 MHz. Each cycle of the RF 
energy requires a certain amount of the time- 
if we allow oscillations to occur for a given 
period of time, only during selected inter- 
vals as shown in figure 25A, we are PULSING 
the system as shown in figure 25B. 

SUMMARY QUIZ 2 

1 » Match the following terms with their 
definitions: 



a. 
b. 
c. 
d. 
e. 



modulation 
carrier 

intelligence signal 
amplitude modulation 
sidebands 



1. An electrical wave or impulse 
that conveys an idea or expression. 

2. The process of using intelligence 
to modify the amplitude of an RF carrier. 

3. Frequency bands on either side of 
the carrier which contain frequencies pro- 
duced by modulation. 



4. The process by which the ampli- 
tude, frequency, or phase is variedin accord- 
ance with an intelligence signal. 

5. A reference frequency assigned 
by the Federal Communications Commission. 

2. In AM, the modulated wave is a result 
of both the frequency and amplitude of the 
intelligence signal. True/False 

3. When modulation takes place, which sig- 
nals are heterodyned? 

a. Intelligence and carrier 

b. Intelligence and sidebands 
c* Carrier and sidebands 

d. Sum and difference 

4. The conventional AM wave that is trans- 
mitted contains the » and 
sideband frequencies. 

5. Over modulation is caused by excessive 
carrier amplitude. True/False 




Figure 26* FM with a Modulating Signal 
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6. At 100%modulationthe powerinthemodu- 
lated wave is divided; 

a. 2/3 in the carrier and 1/3 in the 
sidebands. 

b. 50% in the carrier and 50% in the 
sidebands. 

c. 1/3 in the carrier and 2/3 in the 
sidebands* 

d. 75% in the carrier and 25% in the 
sidebands* 

7. In AM, the BW is equal to twice the 
highest modulating frequency. True/False 

8. In SSB, the balanced modulator 

a. eliminates the undesired SB 

b. suppresses the carrier 

c. heterodynes the sidebands 

d. isolates the mechanical filter 

9* What is the relationship between the 
BW of the conventional AM and that of SSB 
transmissions? 



10. In pulse modulation using a square 
wave, the fundamental and each odd harmonic 
will produce a pair of sideband frequencies. 
True/False 



FREQUENCY MODULATION 

Technically, Frequency Modulation (FM) 
is defined as angle modulation of a sinusoidal 
carrier in which the instantaneous frequency 
of the modulated wave differs from the carrier 
frequency by an amount proportional to the 
instantaneous amplitude of the modulating 
wave. This means that an intelligence signal 
is used to modify the frequency of the RF 
carrier. 

When a frequency modulated wave is viewed 
on an oscilloscope, the frequency of the modu- 
lated wave can be seen to constantly change 
as the amplitude of the intelligence signal 
changes, however, the amplitude of the modu- 
lated wave will remain constant. 



In frequency modulation the unmodulated 
carrier frequency is designated the center 
frequency. 

Figure 26A shows a single sinewave of 
audio signal. This signal will be used to 
frequency modulate an RF carrier signal. 
Figure 26B shows the resulting frequency 
modulated waveform. Both waveforms have 
been drawn on a common scale with respect 
to time. From TO to Tl t there is no modu- 
lation of the RF carrier wave by the modu- 
lating signal. Thus, the carrierwave remains 
on the center frequency* During the Tl toT2 
interval, the modulating signal increases from 
zero toward a maximum positive peak ampli- 
tude. The RF carrier wave departs from 
center frequency, and increases toward a 
higher frequency. From T2 to T3, as the 
modulating waveform decreasesbacktozero, 
the RF carrier wave decreases in frequency 
toward the center frequency. At time T3, 
the modulated carrier will have the same 
frequency as the unmodulated carrier signal* 
From T3 to T4 t as the modulating waveform 
increases from zero to a maximum negative 
peak amplitude, the carrier wave will depart 
from center frequency and decrease to a lower 
frequency* From T4 to T5, as the modulating 
signal will decrease from its maximum ega- 
tive peak amplitude toward zero, the carrier 
wave will increase in frequency back toward 
the center frequency* From T5 to T6 there 
is no modulation, thus, the carrier fre- 
quency remains on the center frequency. 

During the complete modulationcycleof the 
RF waveform in figure 26, we find that: 

a. The center frequency was present only 
when there was no modulation applied, or the 
modulating signal has zero amplitude. 

b. When the modulating waveform has a 
positive amplitude the frequencyof the modu- 
lated waveform was higher than the center 
frequency* 

c. When the modulating waveform has a 
negative amplitude the frequenry of the modu- 
lated waveform was lower than the center 
frequency. 

d. The amplitude of the modulated RF 
carrier did not change throughout the modu-> 
lation process. 
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ANSWERS TO SUMMARY QUIZ 2 

1. a. 4 b, 5 c, 1 d, 2 e, 3 

2* true 

3, a 

4, carrier 

5, false 

6, a 

7, true 

8, b 

9* SSB is half that of AM 

10. true 



FREQUENCY DEVIATION is defined as the 
deference between the instantaneous fre- 
quency of the modulated wave and the 
carrier frequencq. Sometimes this is called 
amount of deviation. We can say it is 
how far the carrier is caused to deviate 
or change either above or below its center 
frequency. 

in the FM transmitter the oscillator oscil- 
lates at the center frequency when there is 
no modulating signal from the modulator. 
An intelligence signal from the modulator will 
cause the oscillator to change frequency and 
swing above and below the center frequency. 
Maximum deviation of the oscillator frequency 
will take place at the voltage peak of the 
modulating signal. 

The amount of deviation of the oscillator 
is determined by the amplitude of the modu- 
lating signal as shown in figure 27. The 
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Figure 27. Deviation with Respect to 
*- Modulating Amplitude 



modulating signal with a 2 V peak amplitude 
is used to modulate a carrier signal of 10 
MHz, As the modulating signal increases its 
peak amplitude, the carrier oscillator fre- 
quency deviates from its center frequency to 
a maximum frequency of 10,1 MHz. As the 
modulating signal decreases in amplitude back 
to zero, the oscillator deviation becomes zero. 
As the modulating signal changes to its maxi- 
mum peak negative amplitude, the oscillator 
frequency deviates belowitscenterfrequency 
to 9,9 MHz, As the modulating signal goes 
from its maximum peak negative amplitude 
back to zero, the oscillator signal deviation 
decreases to zero, A 4V peak amplitude 
modulating signal causes the carrier to 
deviate as previously explained, however, the 
oscillator deviates from its center frequency 
to 10.2 MHz and back to the center frequency 
during the positive half cycle of the modu- 
lating signal. During the negative half cycle 
of the modulating signal, the oscillator 
will deviate from the center frequency to 
9,8 MHz and back to its center frequency. 

Look once more at figure 27 and see that 
the maximum amount the oscillator deviated 
from its center frequency using the 2V peak 
amplitude signal was 100 kHz* 

Maximum oscillator frequency 10,1 MHz 
Oscillator center frequency 10 MHz 

Maximum deviation .1 MHz {100 kHz) 

When the 4V peak amplitude signal is used, 
the maximum amount of deviationfrom center 
frequency is 200 kHz. From this analysis we 
can conclude that maximum frequency devia- 
tion of the oscillator signal from its center 
frequency is determined by the peak ampli- 
tude of the modulating signal. 

The frequency of the modulating signal 
determines the frequency deviation of the 
oscillator above and below the center 
frequency. 

In figure 28 the frequency of the audio 
signal determines the rate of carrier frequency 
deviation. Figure 28A shows ahighfrequency 
audio signal used to modulate the RF carrier 
and figure 28B shows the same carrier 
modulated with a low frequency audio signal. 
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Figure 28. Rate of Frequency Deviation 



You can now see that the modulating signal 
in figure 28A is twice the frequency of 
28B. Also note that the frequency of devia- 
tion is directly proportional to the frequency 
of the modulating signal. As the frequency of 
the modulating signal is increased the rate 
of deviation will also increase. From this 
we can state that the rate of frequency 
deviation is directly proportional to the 
frequency of the modulating signal. 

QUICK QUIZ 17 

1. In FM when the amplitude of the 
modulating signal increases: 

a, the amount of deviation increases 

b* the rate of deviation increases 

c* the amount of deviation decreases 

d* the rate of deviation decreases 

2, In FM when the frequency of the modu- 
lating signal increases; 

a, the amount of deviation increases 

b* the rate of deviation increases 

c* the amount of deviation decreases 

d* the rate of deviation decreases 



When modulation takes place in FM an 
infinite number of sidebands are generated, 
however, all of them are not important. 
In FM a sideband must contain at least one 
percent of the total transmitted power to be 
classified as a significant sideband. The 
number of significant sidebands determines 
the bandwidth of the transmitted signal. The 
number of significant sidebands is determined 
by the modulation index (MI). 

The modulation index is a ratio of the 
frequency deviation (amount) to the modu- 
lating signal frequency (rte) causing the 
deviation. The formula for modulation index 

is: 



MI=< 



m 



where: 



m 



= frequency deviation (amount) 
frequency of the modulating signal (rate) 



For example, let's say we are using the 1 
V modulating signal and the frequency of the 
signal is 15 kHz. The 1 V modulating signal 
caused the oscillator frequency to deviate 
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ANSWERS TO QUICK QUIZ 17 
1, a 2, b 



30 kHz 
frequency. 



from the oscillator center 



30 kHz 9 

We see the MI is 2 

A question now is how do we use the 
modulation index to determine the number of 
significant sidebands? The chart in figure 
29 lists the number of significant sidebands 
contained in the modulated waveform when 
the modulation index is known. For modu- 
lation index of 2, there would be 8 significant 
sidebands, 4 USB and 4 LSB signals, in the 
transmitted spectrum. 

Now, let's take a look at our transmitted 
spectrum* Figure 30 illustrates the frequency- 
modulated output spectrum for a modulation 
index of 2. The center frequency is the same 
frequency as the unmodulated carrier. The 
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Figure 29, Modulation Index Chart 
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Figure 30, Spectrum Distribution for a 
Modulation Index of "2" 

frequency of the first sideband pair is 
respectively higher and lower than the center 
frequency by the amount of the modulating 
frequency. The second set of sidebands have 
frequencies respect vely higher and lower than 
the center frequency by an amount of two . 
times the modulating frequency. The third 
set is three times and the fourth set is 
four times the modulating frequency. 

Look again at figure 30, and note that the 
BW of the transmitted FM signal is 120 
kHz, In FM, increasing the frequency or 
amplitude of the modulating signal increases 
the BW of the transmitted signal. Another way 
of determining BW is by this formula: 
BW = Number of significant sidebands X 
rate of modulation. In the previous example 
there are 8 significant sidebands and the 
rate of modulation is 15 kHz, Therefore, 
8 X 15 kHz = BW of 120 kHz, 



QUICK QUIZ 18 

1, Define significant sideband. 



2, The amount of deviation is 75 kHz and the 
rate of deviation is 15 kHz, What is 

the BW? . (Use figure 

29, Modulation Index Chart) 



3, In FM, what determines the amount of 
space between the sidebands? 
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Figure 31* Reactance Tube Modulator (Inductive Reactance) 



A common circuit used in frequency modu- 
lation is the reactance tube modulator* Look 
at the basic circuit (figure 3lA), and notice 
the arrangement of R and C in the circuit. 
This is a phase shifting network and the 
heart of the reactance tube circuit* The resist* 
ance of R is much larger than the capacitive 
reactance of C* This causes the circuit to 
act resistively to the oscillator tank circuit* 

Now let's examine the effects of this 
arrangement; 

a. The tank voltage (Et) willbe the reference 
vector as shown in figure 31B, 

b, Since the tank is in parallel with the 
RC network, the current in the network 
(l n ) will be nearly in phase with the tank 
voltage, (Remember that the network is 
primarily resistive,) 

c. Network current (I n ) will develop a 
voltage across C that lags the current I n by 
90*, The voltage developed across C is the 
grid voltage (Eg) for the reactance tube, 

d, Grid voltage (Eg) and plate current (Ip) 
are in phase, and both lag Et by 90*, 

e* Since the tube is in parallel with the 
tank, the plate voltage. E p , of the tube is in 
phase with the tank voltage. E t , Since I p 
lags Ep by 90*, the tank sees the reactance 



tube circuit as an inductor placed in parallel 
with the tank. 

Now. let's see what happens when an 
audio signal voltage is fed to the input jack* 
On the positive alternation, the reactance 
tube current will increase, and the inductive 
reactance reflected to the tank decreases 
(figure 32)* When the inductive reactance 
decreases the resonant frequency of the tank 
Increases, 
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Figure 32, Reactance Tube Modulator With 
Positive-Going Input 
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ANSWERS TO QUICK QUIZ 18 

1, A SB that contains 1% or more of the 
total power, 

2, 240 kHz 

3, The modulating frequency. 



When the audio input goes negative, cur* 
rent decreases. The inductive reactance then 
increases and the tank frequency decreases 
(figure 33). 

Now, let's take a look at a circuit that 
serves as a capacitive reactance instead of an 
inductive reactance, To do this the phase 
shifting network is changed, as shown in 
figure 34, Note that the capacitor has been 
placed between the plate and grid and the 
resistor Is between grid and ground. Another 
change has been made to the circuit that 
does not show in the diagram — the capaci- 
tive reactance is now much greater than the 
resistance. The circuit will now act in the 
following manner, 

a, Tank voltage will again be the reference 
vector, 
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Figure 33, Reactance Tube Modulator with 
Negative- Going Input 




Figure 34, Reactance Tube Modulator 
(Capacitive Reactance) 

b* Since the RC network is now capacitive, 
the network current will lead tank voltage 
by nearly 90°. 

c. Voltage across the resistor will be in 
phase with network current and lead tank 
voltage by nearly 90°. This voltage is felt 
on the grid (Eg)* (Tand voltage is the 
voltage across the capacitor which lags net- 
work current by 90*.) 

d* Since plate current and grid voltage 
are in phase, plate current will lead plate 
voltage by 90°, 

e* Plate voltage (E p ) will be in phase with 
tank voltage since the tank and tube are 
connected In parallel. 

You can see by this vectorial analysis 
that I p leads E p by 90*. The circuit is 
therefore, acting capacitively, and reflects a 
capacitive reactance to the tank. This cir- 
cuit does not act the same as the inductive 
circuit, because inductive and capacitive 
reactances differ: 

X L = 2tffL 

and X C = 2lTfC 

In the capacitive circuit, a positive voltage 
from the intelligence source will cause the 
output frequency to decrease, while a nega- 
tive voltage will increase output frequency. 
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QUICK QUIZ 19 

1+ The reactance tube modulator is a cir- 
cuit where the modulating signal varies the 
reactance of an oscillator tank circuit* True/ 
False 

2. The output frequency of the reactance 
tube modulator varies at a rate determined 

by the of the audio output* 

3. The output frequency deviates from 
center to one extreme depending upon 

the of the audio input signal. 



Another FM modulator that is widely used 
in transistorized circuitry employs a voltage 
variable capacitor, called a V ABACTOR* 
The varactor is simply a diode, or PN 
junction* designed to have a certain amount 
of capacitance across the junction. Figure 
35 shows the schematic symbol and a dia- 
gram of a varactor in a simple oscillator 
circuit. (This is not a working circuit, but 
merely a simplified illustration*) The capaci- 
tance of a varactor, as with all capacitors, 
is determined by the area of the capacitor 
plates and the distance between the plates. 
The depletion region in the varactor deter- 
mines the distance (dielectric) between the P 
and N elements (plates). 
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Figure 35. Varactor Symbol and Schematic 

b* On the negative alternation of the audio 
signal, the reverse bias decreases, resulting 
in an oscillator frequency decrease. 



QUICK QUIZ 20 

1* In the varactor FM modulator, the intelli- 
gence signal causes the oscillator frequency to 

vary by changing the 

on the varactor* 

2* The output frequency of the varactor FM 
modulator varies at a rate determined by 

the of the audio input. 

3, The amount of deviation in the varactor 
FM modulator is determined by the 



In all PN junctions when reverse bias is 
varied, we change the thickness of the 
depletion region, and therefore, the capaci- 
tance changes. The varactor is designed 
so the change in capacitance is linear with a 
change in the applied voltage* Proper circuit 
design prevents the application of forward 
bias* 

Notice the simplicity of operation of the 
circuit in figure 36* An audio signal applied 
to the input results in the fllowing action; 

a. On the positive alternation, reverse 
bias increases and the dielectric (depeltion 
retion) width increases. This decreases 
capacitance, which increases the frequency 
of the oscillator. 



of the audio. 




— ± 

Figure 36* Varactor FM Modulator 
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ANSWERS TO QUICK QUIZ 19 



1 . true 

2. frequency 

3. amplitude 

ANSWERS TO QUICK QUIZ 20 

1. bias 

2. frequency 

3. amplitude 



PHASE MODULATION 

In FM, the transmitter oscillator changes 
frequency above and below the center fre- 
quency as the modulating signal is applied. 
In phase modulation (PM), the transmitter 
oscillator frequency s not changed during 
the modulation process. In fact the PM 
system usually employs a crystal oscil- 
lator and the phase of the output is caused 
to change. 

Phase modulation implies that the phase 
angle of a carrier is varied in accordance 
with the modulating audio voltage, whereas 
the current amplitude of the resulting phase 
modulated wave is maintained constant. 

When a phase- modulated wave is seen on 
an oscilloscope, it looks like a frequency- 
modulated wave; that is, the phase-modulated 
wave varies in frequency and has a constant 
current amplitude. Thus, as in a frequency- 
modulated wave the power in the phase- 
modulated wave does not change. 

A PM wave is produced by shifting the 
phase of the carrier with respect to the 
modulating voltage while keeping the ampli- 
tude of the carrier constant. A transmitter 
utilizing phase modulation uses phase-shifting 
circuits following the oscillator that slows 
down or speeds up the frequency of the 
carrier. 

Figure 37 A illustrates the unmodulated RF 
carrier. The amplitude and frequency of the 
carrier are constant. 
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Figure 37. The Phase- Modulated Wave 

Figure 37B illustrates a sine-wave audio 
voltage which modulates the carrier. During 
time interval A to B no modulating voltage 
is applied to the carrier. During time 
interval B to C the single sine-wave of 
audio voltage modulates the carrier. 

Figure 37C shows the phase shifting of the 
carrier to the resulting phase-modulated wave. 
The unmodulated carrier is shown as a thin- 
line. The thin line wave is used as the refer- 
ence wave to show the phase shifting of the 
carrier to the resulting phase-modulated wave. 
The resulting phase-modulated wave is repre- 
sented by the heavy-line wave in figure 37. 

In figure 37D we see the resulting phase 
modulated waveform. This waveform is the 
output waveform of the phase modulator. 
Note that in the time interval from A to B, 
when the carrier is not modulated, the output 
of the modulator is the carrier frequency 
(F c ). In the time interval from B to C» 
the carrier is modulated and the resulting 
output waveform of the modulator is 
seen to be varying in frequency. 
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Note that when the carrier is modulated 
by the positive half cycle o the modulating 
signal In figure 31B (0* to lflO*), the phase 
of the modulated wave in figure 31C leads 
the phase of the original reference carrier. 
Likewise, when the carrier is modulated by 
the negative half cycle of the modulating 
voltage in figure 376 (180° to 360 a )the phase 
of the modulated wave in figure 31C lags 
the phase of the original reference carrier. 

The rate at which a phase- modulated wave 
shifts from one phase to another is propor- 
tional to the frequency of the modulating 
voltage. The higher the frequency, the more 
rapidly the phase of the modulated wave 
shifts. 

The number of degrees through which the 
phase of the carrier is shifted is proportional 
to the amplitude of the modulating voltage. 
The greater the amplitude of the modulating 
voltage, the greater the number of degrees 
through which the phase-modulated carrier is 
shifted during modulation. 

When an RF carrier is phase modulated, 
we generate sidebands. The sidebands pro- 
duced in phase* modulation are spaced on 
either side of the carrier signal by an amount 
equal to the modulating signal frequency. 
The amplitude of the modulating signal deter- 
mines the number of significant sidebands in 
phase- modulation. Increasing the amplitude 
of the modulating signal increases the number 
of significant sidebands. 

A 
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SPECTRUM FOR CARRIER MODULATED 
WITH A 10 kHz SIGNAL 



Figure 38. PM 



Increasing the frequency of the modulating 
signal while leaving the amplitude constant 
will not increase the number of significant 
sidebands. 

Figure 38A shows the spectrum for a 
carrier modulated with a ID kHz signal. 
Figure 38B shows the spectrum for a carrier 
modulated witha5kHzsignal. Both modulating 
signals had the same amplitude. Note that 
there are 10 significant sidebands in each 
spectrum. Also note that only the BW of the 
transmitted spectrum changes as the frequency 
changes. In PM, increasing the frequency or 
amplitude of the modulating signal increases 
the BW of the transmitted signal. 



QUICK QUIZ 21 

1. In phase modulation the phase of the 
carrier is varied in accordance with ampli- 
tude and frequency of the intelligence signal. 
True/False 

2. In phase modulation the frequency of the 
carrier oscillator is caused to shift, resulting 
in a phase shifted signal. True/False 

3. What determines the spacing of the side- 
bands in phase modulation? 
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ANSWERS TO QUICK QUIZ 21 

1 . true 

2. false 

3. The frequency of the intelligence signal. 



SUMMARY QUIZ 3 

1 , Two types of angle modulation are: 

a, frequency and phase modulation 

b. frequency and amplitude modulation 

c. amplitude and phase 

d, heterodyning and frequency modu- 
lation 

2, Match the terms and definitions: 



a. carrier 

b. heterodyne 

c. modulation 

d* intelligence signal 

e, -> sidebands 



1, An electrical wave or impulse that con- 
veys an idea or expression* 

2* An assigned reference frequency* 

3. Frequency bands on either side of the 
carrier containing the frequencies pro- 
duced by modulation. 

4* The process of mixing two or more 
frequencies in a non- linear 
impedance resulting in the production 
of new frequencies. 

5, An intelligence signal changing either 
the amplitude, frequency, or phase of 
a basic sine wave. 



3. In an amplitude modulation spectrum, 
the spacing of the sidebands is determined 
by: 



a. the amplitude of the modulating fre- 
quency* 

b. the frequency of the modulating fre- 
quency* 

c. The Bessel Function, 

d. the amplitude and frequency of the 
carrier. 

4. When a carrier is amplitude modulated 
with a composite wave consisting of five 
frequencies, the spectrum will contain 

i LSB frequencies and USB 

frequencies* 

5. In AM, when the amplitude of the modu- 
lating signal equals the amplitude of the 
carrier, the % of modulation is: 

a. zero 

b. 100% 

c. 50% 
d* fine 

6. In single sideband transmission, the output 
of the transmitter contains 

a* the carrier and the USB frequencies* 

b. the carrier, modulating signal and 
sideband frequencies* 

c. either USB or LSB frequencies only 
but not both* 

d. both USB and LSB frequencies. 

7. In SSB, the output of the balanced modu- 
lator contains the: 

a* USB and LSB frequencies only* 

b. Carrier and LSB frequencies* 

c* Carrier and USB frequencies* 

d. One SB frequency* 
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ANSWERS TO QUICK QUIZ 19 



1 . true 

2* frequency 

3. amplitude 

ANSWERS TO QUICK QUIZ 20 

1 . bias 

2. frequency 

3. amplitude 



PHASE MODULATION 

In FM, the transmitter oscillator changes 
frequency above and below the center fre- 
quency as the modulating signal is applied. 
In phase modulation (PM), the transmitter 
oscillator frequency s not changed during 
the modulation process. In fact the PM 
system usually employs a crystal oscil*- 
lator and the phase of the output is caused 
to change. 

Phase modulation implies that the phase 
angle of a carrier is varied in accordance 
with the modulating audio voltage, whereas 
the current amplitude of the resulting phase 
modulated wave is maintained constant. 

When a phase- modulated wave is seen on 
an oscilloscope, it looks like a frequency- 
modulated wave; that is, the phase- modulated 
wave varies in frequency and has a constant 
current amplitude* Thus, as in a frequency* 
modulated wave the power in the phase- 
modulated wave does not change. 

A PM wave is produced by shifting the 
phase ' of the carrier with respect to the 
modulating voltage while keeping the ampli- 
tude of the carrier constant. A transmitter 
utilizing phase modulation uses phase-shifting 
circuits following the oscillator that slows 
down or speeds up the frequency of the 
carrier. 

Figure 37A illustrates the unmodulated RF 
carrier. The amplitude and frequency of the 
carrier are constant. 
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Figure 37* The Phase- Modulated Wave 

Figure 37b illustrates a sine-wave audio 
voltage which modulates the carrier. During 
time interval A to B no modulating voltage 
is applied to the carrier. During time 
interval B to C the single sine-wave of 
audio voltage modulates the carrier. 

Figure 37C shows the phase shifting of the 
carrier to the resulting phase- modulated wave. 
The unmodulated carrier is shown as a thin- 
line* The thin line wave is used as the refer- 
ence wave to show the phase shifting of the 
carrier to the resulting phase- modulated wave « 
The resultingphase-modulatedwaveis repre- 
sented by the heavy-line wave in figure 37. 

In figure 37D we see the resulting phase 
modulated waveform. This waveform is the 
output waveform of the phase modulator* 
Note that in the time interval from A to B, 
when the carrier is not modulated, the output 
of the modulator is the carrier frequency 
(F c ). In the time interval from B to C, 
the carrier is modulated and the resulting 
output waveform of the modulator is 
seen, to be varying in frequency* 
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ANSWERS TO QUICK QUIZ 21 

1 . true 

2. false 

3. The frequency of the intelligence signal. 



SUMMARY QUIZ 3 

1. Two types of angle modulation are; 

a, frequency and phase modulation 
b* frequency and amplitude modulation 
c* amplitude and phase 
d* heterodyning and frequency modu- 
lation 

2. Match the terms and definitions: 



a, carrier 

b. — _ heterodyne 
c* . modulation 

d* intelligence signal 

e. ■ sidebands 



1. An electrical wave or impulse that con- 
veys an idea or expression, 

2, An assigned reference frequency, 

3* Frequency bands on either side of the 
carrier containing the frequencies pro- 
duced by modulation* 

4. The process of mixing two or more 
frequencies in a non-linear 
impedance resulting in the production 
of new frequencies* 

5, An intelligence signal changing either 
the amplitude, frequency, or phase of 
a basic sine wave. 



3* In an amplitude modulation spectrum, 
the spacing of the sidebands is determined 

by: 



a. the amplitude of the modulating fre- 
quency* 

b. the frequency of the modulating fre- 
quency. 

c. The Bessel Function. 

d* the amplitude and frequency of the 
carrier, 

4. When a carrier is amplitude modulated 
with a composite wave consisting of five 
frequencies, the spectrum will contain 
> - — LSB frequencies and , USB 
frequencies. 

5. In AM, when the amplitude of the modu- 
t lating signal equals the amplitude of the 

carrier, the % of modulation is: 

a* zero 
b* 100% 
c* 50% 
d* fine 

6. In single sideband transmission, the output 
of the transmitter contains 

a* the carrier and the USB frequencies* 

b, the carrier, modulating signal and 
sideband frequencies* 

c, either USB or LSB frequencies only 
but not both. 

d, both USB and LSB frequencies. 

7. In SSB, the output of the balanced modu- 
lator contains the: 

a, USB and LSB frequencies only* 

b* Carrier and LSB frequencies* 

c. Carrier and USB frequencies, 

d* One SB frequency* 
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8. In pulse modulation, when a carrier is 
modulated by a square wave, sidebands are 
generated that correspond to; 

a. The odd and even harmonics. 

b. The fundamental frequency and each 
odd harmonic . 

c. The fundamental frequency and each 
even harmonic. 

d. The fundamental frequency only. 

9. In FM, rate of modulation is deter- 
mined by the amplitude of the modulating 
signal* True/ False 

10. tn FM, how many sidebands are generated 
when modulation occurs? 

XI* In FM, the amount of frequency devia- 
tion is determined by the ; . 

of the modulating frequency. 



, 12. In the FM oscillator, the frequency of 
the oscillator is caused to shift in accord- 
ance with the rate and amount of the 

signal. 

13. In phase modulation, the phase of the 
carrier is caused to shift after it leaves 
the oscillator. True/Fklse 

14. In phase modulation, the amount of shift 
is determined by the frequency of the intelli- 
gence signal. True/False 

15. In amplitude, frequency and phase modu- 
lation; the sideband spacing is determined by: 

a. Rate and amount of the modulating 
signal . 

b. Frequency of the modulating signal 

only. 

c. Amplitude of the modulating 
signal only. 

d. None of the above • 
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ANSWERS TO SUMMARY QUIZ 3 e. b 

1, a 9, false 

2, a-2 c-5 e-3 10. infinite number 
b-4 d-1 11- amplitude 

3 + b 12. Intelligence or audio 

4. five, five 13. true 

5. b 14. false 

6. c 15. b 

7. a ^ 
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PROGRAMMED INSTRUCTION PACKAGE 



MODULE 65 - DEMODULATION 



This program will take you through the subject one step at a time. Each area will teach you 
a small bit of information. At the end of each short area, there are questions to be answered 
The answers to the questions are on the top of the next even numbered page- 
Read the text carefully, answer the Quick Quiz and then check your work. Do not move on 
until you are sure you know the subject completely. If you need help, consult your instructor. 

OBJECTIVES: 

1, Given a list of statements about demodulation, select the one that describes: 

a* AM 

b. sideband 
c* pulse 

d. phase 

e. FM 

2* Given schematic diagrams of AM demodulators, match each with: 

a- diode detector, 

b* grid leak detector. 

c. plate detector, 

d. infinite- impedance detector* 

3, Given a list of statements, match each with the schematic of: 

a- Foster-Seeley discriminator* 

b. ratio detector* 

c, quadrature detector. 



One of the many things that take place in a radio receiver is the demodulation of the radio 
wave that has been picked up by the antenna. Actually, demodulation is the process of repro- 
ducing the intelligence from the modulated wave. You recently found that the modulated wave 
leaving the transmitter did not contain the original intelligence signal as a separate frequency* 
The intelligence was represented by the spacing between the carrier and the sideband fre- 
quencies. In order to reproduce the intelligence in the receiver, the carrier and sideband fre- 
quencies must be heterodyned together. The difference frequency developed by this action will 
be a reproduction of the original intelligence. 

The requirements that must be met for demodulation to take place are as follows: 

a* The demodulator input circuit must be sensitive to the type of modulation that was used 
in the transmitter. FOr example, if the frequency of the carrier was varied in the transmitter, 
then the demodulator input circuit must be sensitive to frequency changes. 

b. Both the carrier and sideband frequencies must be present. 

c. Nonlinearity must be present so that heterodyning can take place. 

d. A filter must be used at the output of the demodulator to remove all of the unwanted 
frequencies. 



DEMODULATION 
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QUICK QUIZ 1 

K The modulated wave leaving the transmitter does not contain the intelligence frequency. 
True/ False 

2, The purpose of demodulation is to heterodyne the carrier and intelligence frequencies. 
True/False 

3, If the carrier is absent, demodulation cannot take place, True/False 

4* The purpose of the filter is to remove the intelligence frequency, True/False 
Check your answers at the top of the next even numbered page. 



AM Demodulation 

There are several types of AM demodulators that are used to reproduce the intelligence 
from an amplitude modulated wave. These circuits are often called AM Detectors, 
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DIOOE CURRENT tffTHOUT CAPACITOR C2 
Figure 1* Diode Detector Circuit and Waveforms 
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The diode detector shown in figure 1A is one of the more common types. The input tank cir- 
cuit is made up of L2 and CI and is tuned to the carrier frequency. The bandwidth of this tank 
circuit is wide enough to pass all of the sideband frequencies. When these frequencies are 
applied to the nonlinear vacuum tube, heterodyning takes place. Capacitor C2 supplies the 
filtering action to take out all of the unwanted frequencies. Resistor, R t develops the low fre- 
quencies, which will be a reproduction of the intelligence. Assume that we have a 455 kHz 
carrier modulated with a 5 kHz signal. The composite wave coming in will consist of three 
frequencies, a 455 kHz carrier, a lower sideband of 450 kHz, and the upper sideband of 460 
kHz, This composite waveform is fed to the detector input as shown in figure IB. Current 
flows through the diode only when the plate is positive with respect to the cathode . As a result 
of this nonlinear action, the output waveform will be a series of RF pulses as shown in figure 
1C* Since the carrier and sideband frequencies have been heterodyned together, the output 
waveform now contains other frequencies in addition to those found at the input. These are: 

a* 905 kHz, the sum of the carrier (455 kHz) and the LSB (450 kHz)* 

b* 915 kHz, the sum of the carrier (455 kHz) and the USB (460 kHz)* 

c. 5 kHz, the difference between carrier (455 kHz) and the two sideband frequencies. 

All of these frequencies are fed to the filter network consisting of R and C2* The filter is 
designed to offer a path of low impedance to high frequencies* This will cause the 450, 455, 
460, 905, and 915 kHz signals to be passed to ground* This filter also offers a high impedance 
to low frequencies so the 5 kHz is reproduced across R and is present at the output* 



quick Quiz 2 

1. In figure 1, the vacuum tube serves as; 

a, an infinite impedance* c* a constant resistance* 

b* a nonlinear impedance* d* an AM Modulator* 

2* If an AM wave is fed to a diode detector and consisted of a 455 kHz carrier, a LSB of 
445 kHz and an USB of 465 kHz, what will the demodulated intelligence frequency be? , 

3* In figure 1, the tank circuit consisting of L2 and CI is tuned to: 

a. the USB frequency. c* the carrier frequency. 

b. the LSB frequency. d* the intelligence frequency. 

4, Another common name for an AM Demodulator is . 

Check your answers at the top of the next even numbered page* 



Grid Leak Detector 

Figure 2 shows another AM demodulator called the Grid Leak Detector* It functions in much 
the same way as the diode detector except that since we are using a triode, amplification will 
take place. 
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ANSWERS TO QUICK QUIZ 1 



1. True 

2. False 

3. True 

4. False 



ANSWERS TO QUICK QUIZ 2 

3. the carrier frequency. 

4. AM Detector 



1. a nonlinear impedance, 

2. 10 kHz 
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The input tank circuit is sensitive to amplitude changes the same as in the diode detector 
and is tuned to the carrier frequency. When an input wave appears across the tank circuit, 
the grid leak capacitor charges very fast through the tube from cathode to control grid on the 
positive half cycles* On the negative half cycles, the grid capacitor discharges very slowly 
through the large resistor Rl. This forms the bias that develops the grid waveform as shown in 
figure 2* This grid waveform contains the carrier, USB and LSB frequencies as well as their 
sum and difference frequencies. This waveform is thenamplified by the triode tube and filtered 
in the plate circuit. C3 and L3 filter out the high frequencies while the low frequencies are 
developed across the plate load resistor R2 and coupled through C4 to the next stage. In the 
grid leak detector, the impedance is low because grid current must flow to allow the hetero- 
dyning action to take place within the grid circuit. 



QUICK QUIZ 3 

1. Heterodyning is not needed in the grid leak detector. True/False 

2, When the input signal goes positive, 

a, current flows from cathode to control grid, 
b* current flows from Rl to the cathode, 
c, current flows from plate to cathode* 
d* the current stops flowing in the circuit. 

3. in the grid leak detector, bias is developed by 
a. current from cathode to plate. 

b* capacitor discharge from grid to plate* 

c. capacitor discharge through the grid resistor* 

d. current flow from cathode to control grid. 

4, The grid waveform contains only the demodulated waveform. True/paise 



Plate detector 

The plate detector is shown in figure 3. This circuit has a high input impedance because the 
grid current does not flow during the entire input cycle of the RF signal* 

The circuit made up of L2 and C t reacts to amplitude changes and takes care of the first 
of the requirements for demodulation. Heterodyning takes place in the triode tube because the 
cathode self bias resistor is large enough to insure that the stage is biased very close to cut 
off. The cathode by-pass capacitor CI is large and holds the voltage across Rl steady ew?n at 
the lowest audio frequencies* The filtering action is taken care of by the network of C2 and L3* 
Figure 3B shows the waveforms that are found in the plate detector* On the positive half 
cycle of the input RF signal, the plate voltage goes down due to the increase in the voltage 
drop across the plate load resistor R2 and filter choke L3* Filter capacitor C2 discharges 
through the conducting tube* The voltage drop across R2 and L3 is small so the drop in plate 
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ANSWERS TO QUICK QUIZ 3 

1. False 2. a 3. c 4, False 




A 

PLATE DETECTOR 




a 



Figure 3. Plate Detector Schematic and Waveforms 

voltage is very small. When the input RF signal goes negative, the plate current goes down and 
the plate voltage goes up. C2 now charges through L3 and R2* The quick voltage changes 
are resisted by R2 and L3* Therefore, the voltage change across the filter capacitor C2 
which is felt at the output will be at an audio (intelligence) rate. 

QUICK QUIZ 4 

1, Filtering action that reproduces the intelligence is accomplished by 
a. Rl and CI c« L3 and R2 

b« C2 and L3 d, L2 and C 

2. Bias is formed by 

a. Ri and CI c. cathode to grid resistance 

b. L2 and C 
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3, In the plate detector, the input signal amplitude develops the tube bias, True/False 

4, When the input signal goes negative, the plate voltage increases, True/False 
Check your answers at the top of the next even numbered page. 



Infinite Impedance Detector 

The Infinite Impedance Detector is shown in figure 4- It looks very much like the plate detector. 
However, you should notice that the output is now taken from the cathode- Essentially, the 
infinite impedance detector is a cathode follower with a cathode bypass capacitor to filter out 
the high frequencies and to develop the low frequencies. 



R2 



INPUT LI 




REP4-1371 

Figure 4, Infinite Impedance Detector, 

The input tank circuit responds to input amplitude changes to fill the first demodulator 
requirement. The tube serves as the nonlinear impedance to produce heterodyning- Rl and C2 
take care of the filtering- The input impedance for this circuit is very high- Therefore the grid 
voltage stays negative even when the input signal is very high- C3 and R2 in the plate circuit 
act as an RF bypass filter and prevent the RF changes from entering the power supply, 

QUICK QUIZ 5 

1- The infinite impedance detector is essentially 

a- an amplifier* C- a low impedance circuit- 

fa- a cathode follower- d- a grid leak filter- 

2- The grid is negative only when the input signal is negative- True/False 

3, C2 develops the low frequencies and filters the high frequencies, True/False 

4, C2 and R2 are required to develop the output signal- True/False 
Check your answers at the top of the next even numbered page- 
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ANSWERS TO QUICK QUIZ 4 




1. b 2. a 3, True 4, 


True 


ANSWERS TO QUICK QUIZ 5 




1. b 2, FalS3 3, True 


4, False 


Single Sideband 



You will remember that when you studied single sideband transmission, the carrier and 
intelligence were heterodyned to develop the USB and LSB, Then the carrier was suppressed 
2nd one sideband was filtered out so that the only frequency that was transmitted was the 
remaining sideband. We also found previously, that the intelligence signal was not transmitted 
but was represented by the space between the carrier and sidebands in the transmitted wave. 
Since the reference (carrier) frequency is not transmitted, the signal arriving at the receiver 
is useless by itself. Therefore, we will re-establish the same carrier frequency within the 
receiver to heterodyne with the incoming sideband frequency. 




REP4-1872 

Figure 5. Product Detector Schematic 

Figure 5 shows a product detector circuit used to demodulate single sideband waves, VI 
is the demodulator that provides the nonlinearity for heterodyning and is sensitive to amplitude 
changes, V2 is a crystal controlled oscillator tuned to the same frequency as the transmitter 
carrier. The oscillator signal and input sideband frequencies are heterodyned in VI, In the 
plate circuit of VI will be found the composite wave consisting of the oscillator signal, input 
signal, and their sum and difference frequencies, R and C filter out the high frequencies and 
develop the low frequencies which will be the audio intelligence. 



255 



QUICK QUIZ 6 

1* The crystal controlled Oscillator V2 is used to 
a* heterodyne with the carrier frequency, 
b* tune the receiver* 

c* provide a reference frequency for demodulation, 
d* provide a modulated output, 
2* Filtering is accomplished by 

a* the parallel tank in the plate circuit of VI* 
b* R and C 

c* the RC network at the input to VI* 

3* The signal at the input to the demodulator consists of the carrier and only one sideband* 
True /False 

4* VI is sensitive to amplitude changes and provides nonlinearity, True/False 
Check your answers at the top of the next even numbered page. 

Pulse 

Pulse demodulation is a process of reproducing a pulse from a pulse modulated RF waveform* 
A typical pulse detector is shown in figure 6, You may notice that the pulse demodulator is 
essentially a diode detector with a few modifications* 




RBP4-1373 

Figure 6* Pulse Detector 

You should recall that in a pulse modulated wave there were many upper and lower side- 
band frequencies. This caused the transmitted wave to have an extremely wide bandwidth. 
Therefore, in order to accurately reproduce the pulse, the input circuit to the demodulator 
must also have a very wide bandwidth. As in the diode detector, VI is the required nonlinear 
device, L2 and C2 is the filter, and the pulse signal is developed across R2, CI, LI, and Rl 
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ANSWERS TO QUICK QUIZ 6 

1. c 2. b 3. False 4. True 



have been added to widen the bandwidth of the circuit. This insures proper reproduction of the 
original pulse that was used in the modulation process, 

QUICK QUIZ 7 

1. A wide bandwidth is necessary to reproduce a pulse. True/False 

2, The filter requirement is accomplished by 

a, CI and LI 

b, C2 and L2 

e* Neither of the above, not required. 
Check your answers at the top cf the next even numbered page. 



SUMMARY QUIZ 1 

1* Name the four requirements for demodulation. 

2* In an AM demodulator, if the input wave consisted of a 455 kHz carrier, a lower SB of 440 
kHz and an upper SB of 470 kHz, what would be the intelligence frequency? 

3. In an AM detecsor that uses an input tank circuit, the center frequency of the circuit will 



be tuned to 



a. the carrier frequency. 



c. the sum frequency. 



b. the intelligence frequency. 



d. the LSB frequency. 



4. 



The output from a grid leak detector is from the plate circuit. True/False 



An infinite impedance detector is essentially a 



a. low impedance device. 



c* grid modulator. 



b. filter input circuit* 



d* cathode follower. 



Wtiichof the following is a requirement for single sideband demodulation? 



a. An input filter. 



Frequency multipliers. 



b. Reference frequency insertion. 



d. 



An output from the cathode circuit. 
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D 

Match the four schematics of demodulators to the following: 
7- Grid leak detector- 

8, i Diode detector, 

9. ■ Infinite impedance detector 
10- ■ Plate detector* 
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ANSWERS TO QUICK QUIZ 7 
1. True 2. b 



ANSWERS TO SUMMAHY QUT? 1 

1 , a. Circuit sensitive to type of modulation used. 

b. Nonlinearity 

c. Filtering 

d. Carrier and sideband frequencies must be present, 

2. 15 kHz 

3. a 

4. True 

5, d 

6, b 

7. c 

8, a 

9, b 

10. d 



FM Demodulation 

In Frequency Modulation you learned that during the process of modulation the varying ampl- 
tude of the intelligence signal caused the carrier to shift above and below its center fre- 
quency. In order to demodulate the FM signal, the demodulator must contain a circuit that can 
sense these frequency changes and convert them into amplitude (voltage) changes. The circuit 
in the FM receiver that can reproduce the intelligence from the FM wave is called the Fre- 
quency Discriminator or FM Detector. The requirements for FM demodulation are: 

a. an input circuit that converts frequency variations into amplitude variations. 

b. a nonlinear impedance to be used in the heterodyning process. 

c. a filter to remove the unwanted frequencies. 

d. a load to develop the output signal. 



QUICK QUIZ 8 

1. Two commonly used names for an FM demodulator are: 

a. b. , 

2. The first requirement for FM demodulation is that the input circuit must convert 

variations into - variations. 

3. The other three requirements for FM demodulation are: 

a. . c. ■ 

b. 

Check your answers at the top of the next even numbered page. 
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Foster-Seeley Discriminator 

The Foster-Seeley discriminator shown in figure 7 has all of the requirements for FM 
demodulation. The input tank circuit, L2, L3, L4, and CI converts frequency variations into 
voltage variations. Diodes VI and V2 are the nonlinear impedances necessary for heterodyning* 
The RF filtering is taken care of by C2 and C3, j^oad resistors Rl and R2 develop the output 
intelligence signal. 




REP4-1874 



Figure 7, Foster-Seeley Discriminator 

The Foster-Seeley discriminator is a phase shift circuit. When a varying frequency is applied 
to Ll the resulting phase shift across the transformer causes more or less voltage to be 
induced into the secondary windings consisting of L2 and L3, For example, when the carrier 
frequency is fed to LI, and equal amount of voltage is induced into L2 and L3* This causes 
VI and V2 to conduct an equal amount* Current nows from the top of L2, through VI, Rl, 
L4 and back to the bottom of L2* TMs drops a negative voltage across Rl , At the same time 
current flows from the bottom of L3 through V2, R2, and L4 to the top of L3, This causes a 
positive voltage to be dropped across R2, Notice that the output is taken across both output 
resistors. If the same amount of current flows through both resistors and they are of equal 
value, they will drop the same amount of voltage. So, when the input signal is the carrier fre- 
quency t there is zero volts out. When the input frequency goes above the carrier frequency, 
more voltage is induced into L2 and less into L3, Vl now conducts harder and V2 conducts 
less. This results in a large negative voltage drop across Rl and a small positive voltage 
dropped across R2, The algebraic sum at the output is a negative DC, Whsn the input frequency 
goes below the carrier frequency, more voltage is induced into L3 and less into L2, This 
causes V2 to conduct hard and Vl to conduct less* The algebraic sum at the output is now 
positive. As a summary of this action we could say, if the input frequency swings above the 
carrier reference, the DC output goes negative. When the input frequency swings below the 
carrier reference, the DC output goes positive, also the farther the input frequency swings 
above the carrier reference, the more current flows in the circuit and the higher the DC 
voltage that is dropped across the load resistors. In this manner the changing frequency is 
converted into a changing DC voltage which is a replica of the original intelligence. 

There is one feature of the Foster-Seeley discriminator that must be considered. The design 
of the circuit will permit any amplitude changes at the input to cause amplitude changes in the 
output. This means that amplitude changes caused by noise will be heard in the output. This 
disadvantage can be eliminated by preceeding the discriminator with a limiter* This clips the 
noise am^Utude variations and leaves the varying frequency. 
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ANSWERS TO QUICK QUIZ 8 



1. a. Frequency discriminator* 



b. FM detector. 



2, frequency, voltage 



3. a. Nonlinear impedance 



b. Filter 



Load 



QUICK QUIZ 9 

1. If the input to the Foster-Seeley is the carrier frequency, what is the output? 

2. WUere is the output taken from the Foster-Seeley? 

3. Which components filter out the unwanted frequencies? 

4. When the input frequency goes above the carrier reference, what happens to the current 
through V2? 

Check your answers at the top of the next even numbered page. 
Ratio Dotector 

The ratio detector, shown in figure 8, is very similar to the Foster-Seeley discriminator. 
You should notice that the input circuit composed of LI, L2, L3, and CI are exactly the same. 
You should also notice that diodes VI and V2 are now connected in series. The output in this 
circuit is taken across only a part of the load giving it the name, ratio detector. 



The input circuit operates the same as in the Foster-Seeley, converting frequency changes 
into voltage changes. The resulting voltages cause a voltage drop across the two load resistors 
at the output. Whin thp input consists of the carrier frequency, there will be current through VI 
and a voltage drop across the output resistor R^, This will be the reference rather than zero 
volts as in the Foster-Seeley. As the input frequency increases and decreases, the voltage 




Li 



OUTPUT 
Q 




Figure 8. Ratio Detector 
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will vary across the output resistor. Sharp increases in amplitude such as that caused by noise, 
is compensated for by capacitor C4, Since C4 is a large capacitor, it works with R 0 to form 
a long time constant. Sharp increases are absorbed by the capacitor because it takes a long 
time to charge, since the circuit is not effected by sudden amplitude changes, it does not need 
to be proceeded by a limiter. The features that help in identifying the ratio detector are as 
follows: 

a, The diodes are connected in series, 

b, The output is taken across only half the load, 

c, The circuit does not need to be preceeded by a limiter. 



QUICK QUIZ 10 

1 , The input circuit to the Ratio Detector is the same as that in the Foster-Seeley, True/False 

2, Which components remove the unwanted frequencies? 

3, What is the function of VI and V2? 

4, What is the purpose of C4? 

Check your answers at the top of the next even numbered page. 



Quadrature Detector 

The Quadrature Detector is shown in figure 9. This detector uses a completely different 
principle that those just covered. The tube is self limiting and therefore it is not effected by 
sharp amplitude changes such as those made by noise. For this reason, it does not have to be 
preceeded by a limiter. 

In this tube t a focusing device forms a shield around the cathode, Tlie shield has a narrow 
slot that allows the electron beam to pass. This is indicated by the cross shaped cathode symbol. 
The limiter grid acts like a gate, when the gate is open the electrons will flow through it 
toward the screen grid. The screen grid refocuses the beam toward the quadrature grid. The 
quadrature grid also acts as a gate and can either pass or block the flow of electrons. In this 
tube either the limiter or quadrature grid is able to cut off the flow of plate current, Plate 
current will only flow when both gates are open. Now look at the circuit at the top of figure 9, 
Note that the screen grid has been removed since it is not needed in this explanation. The 
input signal will be like the one as shown in figure 9c, 

When the current passes the limiter grid it has a waveshape as in figure 9d, Note that this 
is a square wave. The electron beam will induce a current into the quadrature grid that will 
develop a voltage across the high Q tank circuit. The tank now begins to oscillate but is shifted 
in phase by 90*, This is shown in figure 9E, Since the quadrature grid has the same conduction 
and cutoff levels as the limiter grid, the wave will be cut to a square wave, f-^e figure 9F, 
Both grids must be positive at the same time in order to have plate current :m can see in 
figure 9G, where the current waves are overlapped, how m\ic\i time current a jialiy flows for 
each cycle of the input signal* The time plate current a'/;* ,dly flows is stv a in figure 9H, 
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ANSWERS TO QUICK QUIZ 9 
1- Zero volts 

2« Across load resistors Rl and R2 
3. C2 and C3 
4* Decreases 



ANSWERS TO QUICK QUIZ 10 
1- True 

2, C2andC3 

3, Nonlinear impedances to provide heterodyning of the sidebands and carrier. 

4, A large capacitance used to absorb sharp increases in amplitude such as noise. 
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Figure 9. Quadrature Detector 
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1$ 6 

The frequency of this pulse is the sane as that found at the input to the limiter grid. Now lets 
see what happens when there is a change in frequency at the input. If the frequency goes down, 
the voltage across the quadrature tank also goes down in frequency. This allows both gates to 
be open for a longer time so plate current will flow longer. Note the overlap of the two signals 
and wide plate current wave shape in figure 9J, When the input frequency goes up, just 
the opposite will take place. The two grid signals move more out of phase, the time the two gates 
are open at the same time becomes shorter. Now plate current will flow for a less time. This 
can be seen in figure 91* The filter capacitor in the output plate circuit will eliminate the 
unwanted frequencies. The charge on the capacitor will follow the varying plate current which 
is a reproduction of the original intelligence. This can be seen by the dotted line in figure 9K, 



QUICK QUIZ 11 

1, The Urn iter and quadrature grids must be positive at the same time in order to have plate 
current, True/False 

2. When the input frequency goes up, the time that plate current flows will go down. True/ 
False 

3. At the carrier frequency, the quadrature tank oscillates 90 fl out of phase with the input 
signal. True/ False 

4, The quadrature detector must be proceeded by a U miter to clip the noise pulses. True/ 
FalTf 

Check your answers at the top of the next even numbered page. 



Phase Demodulation 

Phase demodulation is the process of reproducing the intelligence from a phase modulated 
wave. You will recall that when the carrier was phase modulated we caused its phase to be 
shifted. How far it was shifted was determined by the voltage amplitude of the intelligence 
signal. Now we must change the shifting phase back into voltage amplitude changes* Figure 
10 shows a modified quadrature detector that is used as a phase detector. The first thing 
we must do in this process is to know what the phase of the original signal was before it was 
shifted. We can do this by using a frequency from a master oscillator that is set to the same 
frequency as the carrier in the transmitter. The new carrier is fed to one grid and the phase 
modulated input signal to the other grid* The circuit now operates as before with the two 
grids acting as gates to control current flow. In figure 10 it is shown that when the phase of the 
two signals are farther apart, the two gates are open at the same time for a lesser period and 
the plate current pulse is narrow* When the two signals are close to, or of the same phase, the 
two gates are open longer at the same time and the plate current pulse is wider* The capacitor 
in the plate circuit filters out the unwanted frequencies and the varying change is a replica 
of the original Intelligence signal. 



QUICK QUIZ 12 

1. Phase demodulation means to reproduce the original intelligence from the phase modulated 
wave, True/False 

2. It is not necessary to know the original carrier frequency during phase demodulation. 
True /False 

3. When the input and reference frequencies are of the same phase, the plate wave shape is 
wide. True/ False 
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ANSWERS TO QUICK QUIZ 11 

1. True 2. True 3. True 4. False 



ANSWERS TO QUICK QUIZ 12 

1. True 2. False 3, True 




TUBE 

OPERATING LIMITS ^ 




Phase demodulation 
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Figure 10. Phase (Quadrature) Detector 

SUMMARY QUIZ 2 

1. Name the four requirements for frequency demodulation. 

a. 



d. 
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2, Frequency demodulation can be described as: 

a. converting frequency changes into voltage amplitude changes. 

b. converting phase changes into frequency changes. 

c. converting voltage amplitude changes into frequency changes. 

d. converting voltage amplitude changes into phase changes. 

3. During the demodulation process which of the following statements are true? 

a. The USBs are heterodyned with the LSBs. 

b. The carrier is heterodyned with the Sidebands. 

c. The USBs are added to the LSBs. 

d. The USBs are subtracted from the LSBs. 



7 



4, In the Foster-Seeley discriminator, changes in the amplitude of the input signal does not 
effect the output. True/False 



MATCH THE STATEMENTS TO THE 

5. . Foster-Seeley Discriminator 

6. Ratio Detector 

7. . Quadrature Detector 



E OF THE CIRCUIT IN QUESTIONS 5, 6 and 7. 

a. The tubes conduct in series. 

b. Must be preceeded by a limiter to prevent 
noise in the output . 

c. Operates as if it contained two gates which 
must be open at the same time to allow 
current flow. 
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MATCH THE SCHEMATIC DIAGRAMS OF DEMODULATORS WITH THE NAMES IN QUESTIONS 
8, 9, and 10, 

8. Foster-Seeley 

9, Ratio Detector 

10. _ Quadrature Detector 




REP4-1874 

B 
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NOTES 




ANSWERS FOR SUMMARY QUIZ 2 

1. a. an input circuit that converts frequency changes to voltage amplitude changes* 

b. Nonlinearity 

c. Filter 

d. Load 

2. a 
3- b 

4. False 
5- b 

6. a 

7. c 

8. b 

9. a 

10. c 
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OVERVIEW 

DEMODULATION 

1. SCOPE: The material presented in this modulecovers the purpose and methods of demodu- 
lation. You will study the various circuits used to demodulate; amplitude, single sideband, 
pulse, phase and frequency modulated signals. 

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following 
objectives: 

a. Given a list of statements about demodulation, select the one that describes: 
(t) AM 

(2) sideband 

(3) pulse 

(4) phase 

(5) FM 

b. Given schematic diagr* ms of AM demodulators, match each with: 

(1) diode detector 

(2) grid leak detector 

(3) plate detector 

(4) infinite -impedance detector 

c. Given a list of statements match each with the schematic of: 

(1) Foster-Seeley discriminator 

(2) ratio detector 

(3) quadrature detector 



AT THIS POINT, YOU MAY TAKE THE MODULE SELF CHECK- IF YOU DECIDE NOT TO 
TAKE THE MODULE SELF CHECK, TURN TO THE NEXT PAGE AND PREVIEW THE LIST 
OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY 
QUESTIONS, 
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UST OF HtiSOURCEa 



DEMODULATION 

To satisfy the objectives of this module, you may choose* according to your training, 
experience, and preferences, any or all of the following: 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE 
MODULE SELF-CHECK T 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE, 
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DEMODULATION 



DIGEST 2,U>^ 



One of the functions of a radio receiver is to demodulate the radio wave picked up by the 
receiving antenna. Demodulation is the process of extracting the signal intelligence from a 
modulated carrier wave. The requirements for demodulation are:non-linearity must be present 
to cause heterodyning; the original RF carrier signal must be present at the input of the demodu* 
lator to heterodyne with the sideband signals to reproduce the original intelligence signal; 
filtering is required to eliminate the unwanted RF after the intelligence is produced* The filter 
circuit is made up of components which shunt the RF to ground while retaining the desired 
frequencies. 

AM demodulation is the process of extracting the signal intelligence from an AM carrier. 
An AM RF signal can be demodulated by several types of demodulators. The circuit for de- 
modulating an AM signal is called a detector. Covered in this module are the diode t grid-leak t 
infinite impedance, single sideband, and pulse detectors* 

The diode detector is the simplest circuit. Current Hows through the diode when the plate 
is positive with respect to the cathode. The non-linearity of the diode causes a heterodyne 
action between the RF carrier and the sidebands. The resulting frequencies will include the 
sum of the carrier and lower sideband, sum of the carrier and upper sideband, and the dif- 
ference between the carrier and sideband signals* 

The grid-leak detector functions like the diode detector combined with a triode tube* The 
grid of the tube will function as the detector plate. The triode section then provides amplification 
of the detected signal. The grid-leak bias provides the non-linearity for heterodyne action. 
Input impedance is low because grid current must flow to perform the heterodyning. 

The plate detector has a high input impedance because grid current does not Oow during the 
entire input cycle of RF variations of the input* Detection occurs within the triode tube because 
the cathode self-bias resistor is large enough to insure the stage will be biased at approximately 
cutoff. 

The infinite impedance detector resembles the plate detector with the exception that the load 
resistor is located in the cathode* This arrangement makes the infinite-impedance detector 
essentially a cathode follower. Input impedance is extremely high. 

The signle sideband demodulator introduces a frequency to replace the suppressed carrier 
so that heterodyning may take place* The carrier signal must be at least ten times the amplitude 
of the sidebands to prevent distortion* 

A pulse demodulator is essentially an amplitude detector with a very wide bandwidth, 

FM demodulators studied in this module are Foster-Seeley discriminator! ratio detector, 
and quadrature detector. In order to demodulate the FM signal the demodulator stage must be a 
circuit which can sense frequency variations and convert these to voltage changes. The 
requirements for FM demodulation are: the input circuit to the demodulator must change fre- 
quency variations into amplitude variations; a non-linear impedance is necessary to heterodyne 
the carrier and sidebands. 

The Foster-Seeley is a phase-shift type discriminator because demodulation depends on the 
phase-shift obtained across 2 transformer secondaries, A tuned circuit acts resistively as 
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lon^ as it is resonant* If the input signal is shifted above or below the resonant frequency of the 
tank circuit the circuit will be inductive or capacitive and the secondary will no longer be in 
phase* The resulting output voltage will either increase or decrease* Thus the frequency varia- 
tions are changed into amplitude variations. A limitation of the Foster-Seeley is that any ampli- 
tude variations at the input resultinnoiseor distortion in the output* For this reason the circuit 
must have an amplitude limiter stage preceding it. 

The ratio detector is similar to the Foster-Seeley, but has the advantage of not requiring a 
limiter stage. 

An FM demodulator employing a completely different principle is the quadrature detector. 
This demodulator is self-limiting and does not require a separate limiter. A gated beam tube 
is used in which the limiter grid and the quadrature grid must both be positive for plate current 
to flow. The incoming RF signal is connected to the limiter grid and the quadrature grid is 
connected to a high Q tank circuit which is resonant to the incoming center frequency. Tfye 
tank circuit will determine the phase of the quadrature grid voltage. Since both grids must be 
positive for plate current to flow, the amount of plate conduction will depend upon the phase 
relationship of the signal on the limitergridto the resonant frequency applied to the quadrature 
grid. When the incoming signal frequency increases and decreases around the center frequency 
the average current will vary proportionally. Thus frequency variations are converted to amp- 
litude variations. 

Phase demodulation is the processor extractingthe signal intelligence from a phase modulated 
waveform. An FM discriminator can sometimes be used for phase demodulation. However, 
a true reproduction can be obtained only with added processing of the signal* A phase demodu- 
lator is similar to the quadrature demodulator except that the reference is not provided by the 
tuned circuit, but from a separate reference signal* 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK, 
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ADJUNCT GUIDE 

DEMODULATION 

INSTRUCTIONS: 

Study the referenced materials as directed. 
Return to this guide and answer the questions. 

Check your answers against the answers at the top of the next even numbered page following 
the questions. 

If you experience any difficulty, contact your instructor. 
Begin the program. 



A. Turn to Student Text, Volume DC, Chapter 3 and read paragraphs 3-1 through 3-B. Return 
to this page and answer the following questions. 

1. The modulated waveform at the transmitter does not contain the signal* 

2. Filtering is required at the output of an AM demodulator to reject the; 

a. intermediate frequencies. 

b. audio frequencies* 

c. unwanted radio frequencies. 

_ d. noise frequencies. 

3. The original RF carrier signal must be present at the input of the demodulator to: 

a. present a linear load for the detector. 

b. develop the signal for detection. 

c. heterodyne with the sidebands and develop the intelligence signal. 

d. heterodyne with the original intelligence signal and sidebands in order to 
separate the intelligence. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



B. Turn to Student Text, Volume IX, Chapter 3 and read paragraphs 3-9 thru 3-33* Return 
to this page and answer the following questions. 

5 
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ANSWERS TO A: 

1, original intelligence 

2, c 

3, c ~~ 

If you missed ANY questions, review the material before you continue. 



1. Match the following detectors with the statements, 

a. Diode detector 

b. Grid-leak detector 

c. Plate detector 

d. Infinite -impe dance detector 



1.. Input impedance is high because grid cur- 
rent does not flow during the entire cycle. 

2. Current flows during the half cycle the plate 
Is positive with respect to cathode. 



3. The capacitor in the output detects the 
RF. 

4. Input impedance is low because grid cur- 
rent must flow to perform the heterodyne 
action. 

5. The circuit isessentiallyacathodefollower. 



2. Because the capacitor and resistor in the output of the diode detector have a 

time constant, the voltage across the capacitor will vary at the 

frequency. 

3. The triode section of a grid leak detector: 

a. detects the RF signal 

b. detects the audio signal 

c. amplifies the detected signal 

d. acts as the cathode of the detector 

4. Before detection of a SSB signal can take place, the ^ ^— - 
must be restored in the receiver. 



signal 
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5, The detector used in pulse demodulation is essentially a/an 
detector, 

6, The bandwidth of the pub demodulator must be wide because: 
a, of the high amplitude of the modulating signal. 

b of the large frequency deviation of the carrier, 
c, of the many sidebands, 

d. there is more intelligence information in the pulse wave system per unit of time* 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 



C. Turn to Student Text, Volume IX, Chapter 3 and read paragraphs 3-34 thru 3-57, Return 
to this page and answer the following questions, 

1, The FM receiver must be able +n c ^ ea ^riatinna *nrt ^ n y o rt 

them into voltage changes, 

2 The Foster-Sheeley discriminator depends upon the shift obtained across 

the transformer secondary* 

3, Answer the following statements as True or False, 

, a. The Foster-Seeley discriminator is not amplitude sensitive, 

b. The Foster-Seeley transformervoltagesar&bothin-phasewithEp at resonance* 

c. The output voltage amplitude of the Foster-Seeley discriminator varies 

inversely with the input frequency deviation* 

4* The detector is similar to the Foster-Seeley but does not require a 

limiter stage* 

5, In the vector analysis of the ratio detector we are concerned with: 

, .. a, the primary voltage compared to the transformer secondary voltage, 

^ b, the current in the transformer secondary, 

c. the voltage phase on the primary. 

d. amplitude variations applied to the diodes* 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO B; 

1, a, 2 

b, 4 

c, 1 

d, 5 

2, long:, audio 

3, c 

4, carrier 

5, amplitude 

6, c 

If you missed ANY questions, review the material before you continue* 



ANSWERS TO C: 

1, frequency 

2, phase 

3, a. False 

b. False 

c. False 

4, ratio 

5, d 

If you missed ANY questions, review the material before you continue. 
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D, Turn to Student Text, Volume IX, Chapter 3 f and read paragraphs 3-58 thru 3-74, Return 
to this page and answer the following questions* 

1* The quadrature detector is: 

a. Self limiting 

b. Self exciting 
c« Self cancelling 
d« Self generating 

2, Plate current can flow in the quadrature detector when: 
a* both the limiter and quadrature grids are open* 

b, the limiter grid is open and the quadrature grid is closed* 

c, the limiter grid is closed and the quadrature grid is open* 

d, both the limiter and quadrature grids are closed. 

3. The quadrature grid in a phase detector is excited by: 
a* the plate supply voltage 

b. a relerertce signal from the transmitter. 

c. grid return voltage. 

d, self induction from the current returned to the screen, 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO D: 

1, a 

2. a 
3- b 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 

10 
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MODULE SELF-CHECK 

DEMODULATION 

QUESTIONS: 

I. The requirements of AM demodulation are: 

a* linearity and filtering* 

b, non-linearity and resistance* 

c, heterodyning and filtering* 

d, linearity and heterodyning* 



2, The input to an AM demodulator contains the following frequencies: 1490 kHz, 1488 kHz, 
1492 kHz* What will be the frequency out from this demodulator? 

a* 5000 Hz 

b, 2000 Hz 

c, 200 kHz 

d, I kHz 



Filtering is required in the AM demodulator output because: 

a, high audio frequencies must be eliminated, 

b, noise must be removed from the output* 

c, RF must be removed from the audio signal* 

d, the power ripple must be minimized 

The grid of the grid-leak detector tube will function as: 

a* the detector plate* 

b* part of the RF suppressor* 

_c, the detector cathode 

d* part of the filter circuit* 

For SSB demodulation to take place: 

a* the transmitter must supply a reference signal* 

b, the other sideband must be restored in the receiver* 

c, the receiver restores the missing carrier frequency* 

d. a balanced demodulator must be used 

11 
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6, The bandwidth of the pulse demodulator must be wide because 

a, of the high amplitude of the modulating signal, 

b + of the large frequency deviation of the carrier, 

c- of many sidebands, 

d. there is more intelligence information in the pulse wave system per unit of 

time, 

7, Select the statement which best describes the following terms: 

A demodulator essentially the same as an amplitude type but 
requires a very large bandwidth. 

The original RF carrier signal must be present at the input of the 
demodulator to heterodyne with the sideband and signals to reproduce 
the original intelligence. 

Demodulation is accomplished by a modified FM detector. 
An oscillator must be used to furnish the carrier signal. 
Amplitude demodulation is accomplished with a ratio detector. 
Frequency variations must be changed into amplitude variations. 

6. The requirements fo* FM demodulation are: 

a. linear impedance, frequency to amplitude conversion, filtering. 

b. frequency to amplitude conversion, non-linear impedance, filtering. 

c- amplitude to frequency conversion, filtering, resistive load* 

d, frequency variation to amplitude conversion, discrimination, and a load 

resistance* 

9. The tank circuit of the Foster-Seeley acts in what manner at resonance? 

a* resistive. 

b. capacitive* 

c- inductive or capacltive, depending upon the construction of the circuit- 

d- can not be determined without knowing circuit values* 



a, AM 



b. SSB 



c, pulse 



d. phase 



e* FM 



3. 
.4, 

6* 
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10. The quadrature tube consists of: 

a. Cathode, limit er grid, accelerator grid, quadrature grid, plate. 

b. cathode, accelerator grid, screengrid, quadrature grid, plate* 

c. cathode, screen grid, quadrature grid, selector grid, plate. 

d. cathode, limlter grid, screen grid* quadrature grid, plate. 

11. The phase detector is excited by a reference from the . 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO MODULE SELF-CHECK 
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e« 
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9* a. 




10, d« 




11* transmitter. 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW 
THE MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL 
QUESTIONS CORRECTLY, IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER 
INSTRUCTION, 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 
MODULE 66 



TRANSMISSION LINES 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives, 

CONTENTS 

Page 



Overview 1 

List of Resources 2 

Digest 3 

Adjunct Guide. 4 

Module Sell- Check 13 

Critique 17 



Supersedes Guidance Package, KEF-GF-68, 1 January 1974, which may be used until supply is 
exhausted* 
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OVERVIEW 



TRANSMISSION LINES 

I. SCOPE: The material discussed in this module will cover the theory of transmission 
lines, five types of lines, losses of energy on the lines, and the generation of standing waves 
and how they effect the lines operation. Some material will be presented on special line 
devices* 



2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following 
objectives: 

a. Given a list of statements about transmission lines, match each with a diagram of 

(1) open two wire. 

(2) twisted pair. 

(3) twin lead. 

(4) flexible coaxial cable. 

(5) rigid coaxial cable. 

b. From a list of statements concerning transmission lines, match each with the terms 

(1) traveling wave, 

(2) incident wave. 

(3) reflected wave, 

(4) nonresonant line, 

(5) resonant line, 

(6) standing wave. 

(7) standing wave ratio, 

(8) voltage node. 

(9) voltage loop, 

(10) current node, 

(11) current loop, 

c. Given a list of statements about transmission lines, select the one which describes 

(1) physical length. 

(2) electrical length, 

(3) characteristic impedance. 

(4) cutoff frequency. 

d* Given a group of terms concerning transmission lines, match each with the illustration 

of 

(1) delta matching, 

(2) stub matching, 

(3) matching transformer, 

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK* IF YOU DECIDE 
NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT PAGE AND 
PREVIEW THE LIST OF RESOURCES, DO NOT HESITATE TO CONSULT YOUR 
INSTRUCTOR IF YOU HAVE ANY QUESTIONS, 
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LIST OF RESOURCES 



TRANSMISSION LINES 



To satisfy the objectives of this module, you may choose, according to your training, 
experience, and preferences, any or all of the following: 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text 

AUDIO- VISUALS: 

TV Lesson, Resonant Lines, TVK-30-614 
TV Lesson, Transmission Lines, TVK-30-6I3 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE 
MODULE SELF-CHECK* 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 
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DIGEST 

TRANSMISSION LINES 

Transmission lines carry electromagnetic energy from a source to a load. All 
transmission lines have electrical characteristics of inductance and capacitance. These 
values of inductance and capacitance determine the characteristic impedance and cutoff 
frequency of the line. CHARACTERISTIC IMPEDANCE is the opposition to an AC signal while 
CUTOFF FREQUENCY is the highest frequency that will travel down the line without being 
attenuated. Five basic types of transmission lines are twisted pair, twin lead, open two-wire, 
flexible coaxial cable, and rigid coaxial cable. Physical length of a transmission line is 
measured in meters, centimeters, inches, feet, etc., andelectrical length is measured in wave- 
lengths. WAVELENGTH is defined as being the distance energy travels down the line in one 
cycle of the input frequency. Nonresonant lines have a maximum transfer of power, and all 
the energy is absorbed by the load. When there is a mismatch of impedance, some of the energy 
is reflected back to the source. The sum of the reflected waves and incident waves are standing 
waves, The minimum points of the standing waves are called NODES and the maximum points 
are LOOPS. The greater the voltage difference between the loops and nodes, the greater 
the standing wave ratio. A line that has standing waves Is called a RESONANT LINE, There 
is a standing wave of voltage and one of current. The impedance of a transmission line 
increases as the leads are separated. DELTA MATCHING is a form of impedance matching 
by spreading the leads. STUB MATCHING is connecting a load to some portion of a quarter- 
wave matching st<b. The quarter-wave matching stub is used to match the line impedance 
to the load impedance, It acts like a transformer to match two unlike impedances. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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ADJUNCT GUIDE 

TRANSMISSION LINES 

INSTRUCTIONS: 

Study the referenced materials as directed. 
Return to this guide and answer the questions. 

Check your answers against the answers at the top of the next even numbered page 
following the questions. 

If you experience any difficulty, contact your instructor. 

Begin the program. 

The reason for studying this material is to develop an understanding of the basic facts 
about transmission lines. 

A, Turn to Student Text Volume IX and read paragraphs 4-1 through 4^18. Return to this 
page and answer the following questions. 

1, What is a transmission line? 

a. A conductor or series of conductors used to develop an electromagnetic wave. 

b- A conductor or series of conductors used to carry energy Irom a source to a load, 

c. A line used to transfer mechanical energy from a source to a load. 

d. The line of sight transmission of an electromagnetic wave in space. 

2, From the list of statements concerning transmission line losses, match each with the 
terms. 

a. Copper (1) Electromagnetic energy not collapsing 

back into the conductor. 

b. Skin effect (2) Heat loss in the dielectric, 

~™ ~ (3) Power loss due to the resistance of the 

c. Radiation line, 

(4) High frequency currents tend to move 
d, Capacitive only on the surface o£ the conductor, 

3, Which TWO losses are resistive losses? 

a. Copper. c. Radiation, 

b. Skin effect. d. Capacitive, 



4. As the frequency of the energy on a transmission line is increased, the radiation loss 

a. decreases- c. increases. 

b. remains the same, 

CONFIRM YOUR ANDERS ON THE NEXT EVEN NUMBERED PAGE. 
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B, Turn to Student Text Volume IX and read paragraphs 4-19 through 4-32. Return to 
this page and answer the following questions, 

1, Identify the following types of transmission lines by inserting the letter under the 
correct drawing, 

a. Open two-wire, 
b. Twistedpair, 

c. Rigid coaxial cable, 
d. Twin lead. 

e. Flexible coaxial cable. 



!■) 





('I 



f 




2. What is the major loss for twisted pair? 
a- Radiation. 

b. Copper. 

3. What is the major loss for twin lead? 
a. Dielectric. 

b. Skin effect. 

4. What is the major loss for open two-wire? 

a. Dielectric. 

b. Skin effect. 



c. Skin effect- 

d. Dielectric, 

c. Copper. 

cL Radiation. 

c. Copper . 

d. Radiation, 
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ANSWERS TO A: 
1. b 

2a- 3 b- 4 c. 1 d, 2 
3h a and b 
4. c 

If you missed ANY questions* review the material before you continue* 



B. (Continued) 

5. Which transmission line has the smallest losses and is used for high frequency, high 
power applications? 

a. Open two-wire, c. Twistedpair* 

^ b. Rigid coaxal cable* d. Twin lead* 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 

C. Turn to Student Text Volume IX and read paragraphs 4-33 through 4-44* Return to this 
page and respond to the following statements/ questions, 

1* Characteristic impedance of a transmission line is determined by 

a, series inductance and series capacitance, 
_b. series inductance and shunt capacitance, 

c. shunt inductance and shunt capacitance. 



d t shunt inductance and series capacitance. 
2, What happens to the Z 0 of a line if the length of the line is doubled? 

a. Remains the same. c. Reduces by one-hall, 



b. Doubles* d. Reduces by a square of the original 



3. Compute the value of Zq if the unit of inductance is 4 millihenrys and capacitance is 



value. 




4, 



What happens to the value of Z 0 if the capacitive value increases? 



a. Increases. 



c. Remains the same. 



b, Decreases. 



What happens to the value of Z 0 if the inductive value increases? 



a. Increases. 



c. Remains the same. 



b. Decreases, 
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6. Cutoff frequency is the frequency that will pass down a 

transmission line without attenuation. 

7. What would be the relative values of X L and above cutoff frequency? 
a. X L small, X c smalL c, X L large, X^ small. 



b, X L small, X c large. d, large, X c large. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 

D. Turn to Student Text Volume DC and read paragraphs 4-45 through 4-61. Return to 
this page and answer the following questions* 

I. The physical length of a transmission line is measured in 

a* number of wavelengths on the line- - c. the distance energy travels in one 

cycle, 

■5* Unear measure. d, even multiples of I lambda. 



The electrical length of a transmission line is measured in 

a* number of wavelengths on the line. c, the distance energy travels in one 

™~ cycle, 

b. linear measure. d. even multiples of 1 lambda. 



3. What happens to the velocity of energy moving on the transmission line ii the capacitive 
value of the line is increased? 

a. Increases. c. Remains the same. 

b. Decreases. 

4. If a 600 MHz signal is traveling down a transmission line at 300,000,000 meters per 
second, what is the wavelength? 

5. What is the electrical length of this line? 



600 MHz 




i 

r— 100 Meters 

6 r What happens to electrical length ii physical length remains the same but the frequency 
is increased? 

a. Increases. c. Remains the same. 



b. Decreases, 
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ANSWERS TO B: 

la. 3 b. 1 5 d, 2 e. 4 
2. d 3. a 4. d 5. b 

If you missed ANY questions, review the material before you continue* 



ANSWERS TO C: 

1* b 2. a 3. 28,28kohms 4. b 5. a 6. highest 7. c 

If you missed ANY questions, review the material before you continue. 



D. (Continued) 

7* What happens to electrical length if the physical length is reduced? 

a. Increases* c* Remains the same* 

b. Decreases. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 

E* Turn to Student Text Volume IX and read paragraphs 4-62 through 4-94. Return to this 
page and answer the following questions. 

1. A nonresonant transmission line is a transmission line with 

a* standing waves. c. incident waves* 

b» reflected waves* d* all of the above* 

2* A resonant transmission line is a line with 

a. standing waves. c* incident waves* 

b. reflected waves* d* all of the above* 



3. Energy moving on the line as incident or reflected waves are called 

waves* 

4* List six types of terminations that will cause standing waves. (Sequence not important.) 

a. d. 

b. e, 

c* f* 



5* Voltage is reflected (in phase t out of phase) from an open* 
6* Voltage is reflected (in phase* out of phase) from a short. 



8 

^ \j o 
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Current is reflected (in phase, out of phase) from an open. 



8. Current is reflected (in phase, out of phase) from a short* 

9, The standing wave of voltage is the result of incident wave of voltage and the 

of voltage* 



10* On the diagram, identify the points of 
a voltage LOOP and a voltage NODE* 




11. What is the termination? 



12* What is the termination? 





<9 



i - 0? CAE AS+nG 



13* What reactive properties occur 1/4 of a wavelength from an open termination? 
a. Parallel resonance c* Capacitive 



b. Series resonance 



d. Inductive 



14. What reactive properties occur 3/8 of a wavelength from a shorted termination? 
a. Parallel resonance c. Capacitive 

b. Series resonance d. Inductive 

15. Using the diagram, determine what reactive propertieswillbe reflected to the generator. 

a. Open 
b. Short 

300 MHz fr\^ 1 

c. Inductive 

d. Capacitive 



5.25 meters long 



shorted 
termination 



16. If the transmission lines have a Z 0 of 1000 ohms and Rl is 50 ohms t 
what is the SWR? 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO D. 

1. b 2. a 3. b 4. .5 meters 5- 200 6. a 7. b 

If you missed ANY questions review the materia' before you continue. 

ANSWERS TO E: 

1. c 2. d 3. traveling 

4. open, short, capacitive, inductive* R^ greater than Z 0f Rl smaller than Zq 
5- in phase 6- out of phase 7. out of phase 8. in phase 9. reflected 
10. 







E I 




t 



/^"\ E ***** 

t 

11. inductive 12, capacitive 13, b 14. c 15, a 16. 20 to 1 

If you missed ANY questions, review the material before you continue. 


F. Turn to Student Text Volume IX and read paragraphs 4-95 through 4-106. Return to 
this page and answer the following questions. 

1. How long physically is a quarter-wave transformer used at 300 MHz? 

2. What would be the Z t of a quarter-wave transformer used to match a 5000~ohm line with 

a 100-ohm load? Z t = V Z xR. 

1 O L 

3. What is the purpose of using a delta match? 

a. Maximum reflections. c. Maximum transfer of power. 

b. Maximum standing waves. d. Maximum SWR. 

4. From the list of terms, match each with the diagrams. 



a. Matching transformer b. Delta match c. Stub match 




ADJUNCT GUIDE 

5. The stub match and the matching transformer match impedances because of 

impedances. 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 

11 
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ANSWERS TO F: 

1. ,25 meters 

2. 707 ohms 

3. c 

4a. 3 b. 1 c. 2 
5. reflected 

If you missed ANY questions, review the material before you continue* 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK* 

12 239 



MODULE SELF-CHECK 

TRANSMISSION LINES 

QUESTIONS: 

1, From the list of statements about transmission lines, match the statement with the 
correct diagram. 

a. An inner conductor and an outer concentric conductor or braided wire separated by 
polyethlene plastic or similar insulation, 

Two conductors separated by means of spacers or spreaders. 

c. Two conductors molded into the edges of a polyethylene plastic ribbon- 

d. Two insulated conductors twisted together to form a flexible line. 

e. A center conductor placed inside of a rigid metal tube. 




i 2 



\ 

5. 




2. List the major loss by each type of line, 
a. Twisted pair 



b. Twin lead 



c. Open two-wire 



d f Flexible coaxial 



e* Rigid coaxial 



13 
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From a list of statements about transmission lines, select the one which describes 
a. physical length. 



b. electrical length. 

c. characteristic impedance. 

d. cutoff frequency. 



4. Compute the electrical length of this 

line. 



(1) The opposition to alternating currentdue 
to the inductance and capacitance of the line. 

(2) The length of the line measured in a 
linear measure. 

(3) The length of the line measured in 
feet or inches only. 

(4) The opposition to direct current due to 
the resistance ol the line. 

(5) The highest frequency that will pass down 
the line without attenuation. 

(6) The lowest frequency that will pass down 
the line. 

(7) The length of the line measured in 
number of wavelengths. 

(8) The distance on the line that energy 
travels in one cycle. 



100 MHz 




1.5 meters long 



5. Compute Z 0 , if th e line has aunit of inductance of 2 millihenrys and a unit capacitance 
of 8 picofarads. Z Q = V L/C. 

6. Whatwould be the physical length of a line in meters, if the signal applied is 100MHz 
and the electrical length is 5 wavelengths long? 



7. From the list of statements concerning transmission lines, match the statement with the 
correct term. 



a- Traveling wave 

b + Incident wave 

c. Reflected wave 

d. Nonresonant line 



(1) The resultant wave of the incident wave 
and the reflected wave. 

(2) A transmission line with standingwaves. 

(3) The point on the standing wave that 
indicates maximum current. 

(4) A line having only an incident wave. 

(5) The point on the standing wave that 
indicates minimum voltage. 



14 
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e, Resonant line (6) The point on the standing wave that 

indicates maximum voltage. 

f. Standing wave (7) The relationship of impedance of the 

line to the impedance of the load. 
Standing wave ratio (S) The energy moving on a transmission 

line. 

h. Voltage node (9) The energy moving from the load toward - 

the source, 

i. Voltage loop (10) The point on the standing wave that 

indicates minimum current, 
^i* Current node (11) The energy moving from the source 

to the load, 

k. Current loop 



£♦ Compute the SWR if the line impedance is 50 ohms and the load impedance is 300 ohms. 



9- From a group of terms concerning transmission lines, match the term with the correct 
illustration, 

a. Artificial line d. Matching transformer 

b. Delta matching e. Stub matching 

c. Infinite line f. Line balanced converter 




CI) (2) (3) 



10, The delta match is used to match the load impedance to the impedance of 

a, flexible coaxial cable, c, twin lead or open two-wire, 
b* twistedpair. d, rigid coaxial cable. 



CONFIRM YOUR ANSWERS ON TH NEXT EVEN NUMBERED PAGE. 

15 
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ANSWERS TO MODULE SELF-CHECK: 
la, 4 b, 3 c, 2 d« 1 e, 5 

2a* dielectric b, dielectric c, radiation d, dielectric e. copper 
3a, 2 b, 7 c, 1 d, 5 

4, 1/2 wavelength 

5, I5,81I4kohms 

6, 15 meters 

7a, 8 b, 11 c, 9 d. 4 e, 2 t 1 g, 7 h, 5 i, 6 j, 10 k, 3 

8, 6 to 1 

9, (1) b (2) e (3) d 

10, c 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW 
THE MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER 
ALL QUESTIONS CORRECTLY, IF YOU HAVE, CONSULT YOUR INSTRUCTOR 
FOR FURTHER GUIDANCE, 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 
MODULE 67 
ANTENNAS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives, 

CONTENTS 



TITLE 

Overview 

List of Resources 

Adjunct Guide 

Module Self-Check 

Answers 



OVERVIEW 

1. SCOPE; The purpose of this module is to 
develop your understanding of the principles 
of antenna operation. Various types of antenna 
arrays, their radiation patterns and polari- 
zation will be discussed. 

2. OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a. From a list of statements describing 
antenna polarization, select the one that 
describes 

(1) circular polarization* 

(2) horizontal polarization, 

(3) vertical polarization, 

b. From a list of statements on antenna 
wavelengths, select the one that describes; 

(1) half-wave. 

(2) quarter-wave. 



PAGE 

i 
i 
1 
5 
8 



c. From a list of statements about the 
elements of a directional antenna, select the 
one that describes the function of 

(1) driven element, 

(2) reflector, 

(3) directors, 

d. Given a list of statements concerning 
antenna arrays, match each with the following 
terms: 

(1) Broadside array* 

(2) End-fire array. 

(3) Cardioid array, 

(4) Colttnear array. 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of the 
following: 



Supersedes Guidance Package, KEP-GP-67, 1 July 1974* 



READING MATERIALS: 
Digest 

Adjunct Guide with Student Text, Volume DC 
AUDIO VISUALS: 

TVK 30-661, Antennas 

VTF 1-5401A, Antenna Fundamentals - 
Propagation 

VTF 1-5401B, Antenna Fundamentals - 
Directivity 

VTF 1-5401C, Antenna Fundamentals - 
Bandwidth 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP, 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 

Contact your instructor if you experience 
any difficulty. 

Begin the program. 



Studying this material will help to develop 
an understanding of how an antenna converts 
electrical energy into an electromagnetic field 
and how the antenna radiates energy. 

A. Turn to Student Text, Volume DC and 
read paragraphs 5-1 through 5-13. Return to 
this page and answer the foUowing questions. 



1. An antenna is used to radiate or collect 
energy. 

2. An electromagnetic wave moves through 
space at (approximately) ■ 

3. List two fields that are contained in an 
electromagnetic wave. 

a. 

b. < 

4. In figure 1, current flows toward point 
(A) (B). 




t<BP4-203A 

Figure 1 

5. in figure 2 t current wiU flow toward 
point (A) (B). 



A 




8 



BEP4-2034 

Figure 2 
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6, In figure 3, which of the following circuits 
does the source see: 

i a, Liductive 

. b, Capacitive 

c, Parallel resonant (resistive) 

d, Series resonant (resistive) 



B, Turn to Student Text, Volume DC and read 
paragraphs 5-14 through 5-29. Return to this 
page and answer the following questions, 

1. The portion of the electromagnetic field 
that completely collapses when the voltage and 
current reverse, is the 

i a, radiation field, 

b, induction field. 




Figure 3 



7, In figure 4, the standing waves are shown 
on a (quarter- wave) (half-wave) (fullwave) 
antenna. 



2, The electric and magnetic fields on an 
antenna are (in-phase) (90* out-of-phase) (180° 
out -of- phase), 

3, The field that varies inversely with the 
distance radiated from the antenna is the 

■ a. radiation field, 

b, induction 

4, The ease with which radiationoccurs from 
a transmitting antenna varies {directly, 
indirectly) with the frequency, 

5, Which of the following fields is used as 
the reference in determining antenna 
polarization? 

a, H 

b. E 



s 



\ 



c. Radiation 

d. Induction 



6, if the E field is perpendicular to the 
surface of the earth, the antenna is: 



a, horizontally polarized, 

b. vertically polarized. 



c, circularly polarized. 



Figure 4 7. For maximum transfer of energy the trans- 

mitting and receiving antenna should 



CONFIRM YOUR ANSWERS 
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8, When is circular polarization necessary? 



CONFIRM YOUR ANSWERS 



C, Turn to Student Text, Volume DC and 
read paragraphs 5-30 through 5-35. Return to 
this page and answer the following questions. 

1, The basic dipole antenna is (1/4) (1/2) 
(1) wave length long, 

2« To electrically shorten an antenna we 
can add series 

a, capacitance, 

b. inductance, 

■ c« resistance. 

D. Turn Ito Student Text, Volume DC and read paragraphs 5-36 through 5-54, Return to this 
page and answer the iollowing questions. 

1, From the list of statements concerning antenna arrays, match each with the following terms: 

a. Broadside array 1< Two or more half-wave elements placed 

one- half wavelength apart, parallel, and excited 
. b. End-Fire array in phase at the centers, 

c. Cardioid array 2* Two half-wave elements placed end-to-end 

and excited in phase at the centers, 

d« Collinear array 

3, Two or more half-wave elements placed 
one-half wavelength apart, parallel, and excited 
180° out of phase at the centers. 

4< Two half-wave elements placed one-fourth 
wavelength apart, parallel, and excited 90* 
out of phase at the centers. 

2* From the list of statements about the elements of a parasitic array, select the one that 
describes the function of the: 

a. Driven element. 1. An element that causes maximum energy 

radiation in the direction toward the driven 
b. Reflector. element. 

. c. Directors. 2. An element placed so that it will produce 

maximum radiation from the driven element 
toward itself. 

3, The element of the array that is connected 
to the source or load, 

3* Adding more elements to an end-fire antenna will (increase)(decrease) directivity, 

3 



3. Which factor determines the physical 
length of a simple dipole antenna? 

- a. Power 

b. Bandwidth 

■ . ... . c. Frequency 

. d. Directivity 

4. An antenna that uses an image as the other 

quarterwave section is the 

antenna, 

CONFIRM YOUR ANSWERS 
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4. From the diagram, Identify the array. 




SOLID RADIATION PATTERN 



END VIEW -■ FOUR ELEMENTS 

Figure 5 

5. From the diagram identify the array* . 




2* P£p;-?J2? 

Figure 6 



CONFIRM YOUR ANSWERS* 
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MODULE SELF-CHECK 

1. From the list of statements describing antenna polarization, select the one that describes: 

, a. Circular polarization 1. An electromagnetic wave whose E-field is 

parallel to the surface of the earth. 

bp Horizontal polarization 

2- An electromagnetic wave that rotates through 
, c. Vertical polarization 360 degrees for each cycle of the RF signal. 



3, An electromagnetic wave that has its 
field perpendicular to the surface of the earth. 



2. What is the electrical length of a basic 
dipole antenna? 



3. A grounded quarter- wave antenna is 

electrically wave length 

long. 

4, To electrically lengthen an antenna 

■ is added 

in series. 

5, Which element is connected to the genera- 
tor in a parasitic array? 

a. Driven- 

b. Reflector, 

C, Director. 

6. In a cardiod array, the elements are 
fed 

■ . a. in-phase. 

b. 180 degrees out of phase. 
C- 90 degrees out of phase 

, > d. 45 degrees ou of phase. 



7 t In a broadside array, the elements are 
fed 

. a, in- phase. 

b- 180 degrees out of phase 

_ c. 90 degrees out of phase. 
d. 45 degrees out of phase. 

8. In a end-fire array, the elements are 
fed 

in- phase. 

. 180 degrees out of phase. 

90 degrees out of phase, 
degrees out of phase. 

9. In a collinear array, the elements are 
fed 

a t in-phase. 

b. 180 degrees out of phase. 

, c. 90 degrees out of phase. 
d. 45 degrees out of phase. 



5 

3 J o 



10. The antenna element that causes maxi- 
mum radiation going from the driver toward 
the parasitic element is called the 

a, driver* 

b. director. 

c. reflector. 

11. If a dipole has its elements perpen- 
dicular to the ground, what is the polarization? 

a* Circular* 

b. Horizontal. 
. c. Vertical. 



12. An antennaelementthatcausesmaximum 
energy radiation from itself toward the driven 
element is 

. a. driver. 

. b. director. 

■— c. reflector. 
CONFIRM YOUR ANSWERS 
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NOTES 
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ANSWERS TO A - ADJUNCT GUIDE 

1. electromagnetic 

2. the speed of light 

3. E; H 

4. B 

5. A 

6. d 

7. half* wave 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO B * ADJUNCT GUIDE 

1. b 

2. 90* out of phase 

3. a 

4* directly 

5. b 

6. b 

7. have the same polarization or lie 
in the same plane. 

8* when the plane of energy is not fixed 
and a resultant loss in energy trans* ♦ 
\ fer can occur. [ 
j I 

If you missed ANY questions, review the | 
| material before you continue, i 

i L 



ANSWERS TO C - ADJUNCT GUIDE 

1. 1/2 

2. a 
3- c 

4. Marconi 

If you missed ANY questions, review 
the material before you continue* 



ANSWERS TO 


D - ADJUNCT GUIDE 


1 . a. 1 




b. 3 




c. 4 








2. a. 3 




b. 1 




c. 2 




3, increase 




4, Broadside 




5, End-fire 




If you missed 


ANY questions, review 


the material before you continue. 



ANSWERS TO MODULE SELF-CHECK 



1. 


a. 2 




b. l 




c. 3 


2. 


1/2 wavelength 


3. 


1/2 wavelength 


4. 


inductance or an inductor 


5. 


a 


6. 


c 


7. 


a 


8. 


b 


9. 


a 


10. 


b 


11. 


c 


12. 


c 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR 
INSTRUCTOR FOR FURTHER GUIDANCE* 
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ELECTRONIC PRINCIPLES (MODULAR SELF- PACED) 
MODULE 68 
AM SYSTEMS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course, This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives, 

CONTENTS 



TITLE PAGE 

Overview i 

List of Resources 1 

Adjunct Guide 1 

Module Self-Check 11 

Answers 16 



c. From a list of statements, select the 
statements that identify the causes of 

(1) second harmonic distortion. 

(2) bandpass distortion. 

(3) cochannel interference. 

d. Given a labeled block diagram of alist 
of statements that describe each block of an 
AM transmitter, match each block with the 
proper statements. 

e. Given a labeled block diagram and a 
list of statements that describe each block 
of a single conversion AM receiver, match 
each block with the proper statement, 

f* Given a schematic diagram of an AM 
transmitter, trace 

(1) the RF and intelligence signal flow 
from origin to output, 

(2) direct current paths through each 
stage in a closed loop* 



Supersedes Guidance Package KEP-GP-68, 1 June 1974. 



OVERVIEW 

1. SCOPE: This module contains material 
on a basic AM communications system. It 
includes the requirements for transmitter 
frequency stability, receiver sensitivity and 
distortion, the block diagrams of a trans- 
mitter and receiver with a description of 
each block, and the schematic diagram of 
a transmitter and receiver with the description 
of signal and current paths. 

2. OBJECTIVES: Upon completion of thiJ 
module you should be able to satisfy the 
following objectives: 

a. Given a list of statements of trans- 
mitter characteristics, select the statement 
that describes frequency stabilization. 

b. Given a list of statements of the 
following receiver characteristics, select the 
statements which describe 

(1) sensitivity. 

(2) selectivity. 
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g* Given a schematic diagram of a super- 
heterodyne AM receiver, trace 

(1) the signal flow from origin to 
output, 

(2) direct current path through each 
stage in a closed loop. 

LIST OF RESOURCES 

To satisfy' the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following: 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text, Volume DC 

AUDIO VISUALS: 

TVK-30-609, Introduction to Receivers 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. 



Radio communications play a very important 
part in the mission of the United States 
Air Force* You may be involved inthe opera- 
tion and maintenance of some of these 
systems. The material presented in this 
module will assist in developing an under- 
standing of the principles of an Amplitude 
Modulated System, 



A* Turn to Student Text, Volume K and 
read paragraphs 6-1 through 6-16* Return to 
this page and answer the following questions. 



I, An oscillator and an antenna can produce 
an electromagnetic wave which can be radiated 
into space. (TRUE)(FALSE) 



2. Figure 1 illustrates a basic transmitter* 
What is the function of the buffer? 



a* Eliminate undesirable sideband 



frequencies. 



b« Increase the bandwidth of the 



transmitted signal. 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



c. Prevent theantennafromaifecting 



oscillator frequency. 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed* 

Return to this guide and answer the 
questions . 

CONFIRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE* 

Contact your instructor if you experience 
any difficulty* 

Begin the program . 



d. Produce newfrequencies through 



the process of heterodyning. 



POWER 
SUPPLY 



OSCILLATOR 



BUFFER 
AMPLIFIER 



REP4-127? 



Figure 1 



3. The ability of a receiver to reproduce 
the intelligence of a very weak signal is a 
function of receiver . 



1 
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4* Name the function of each section of 
the receiver illustrated in figure 2. 



a. 
b. 
c. 
d. 




4>D 



REP4-1271 



1 . The RF OSC is used to produce the 

a. modulated carrier. 

b* unmodulated sidebands 

c, modulated carrier and sidebands, 

d. unmodulated carrier* 

2* The MULTIPLIER is used to increase the 

a* power level of the carrier. 

b< frequency of the carrier in 



multiples of the- carrier* 

c* frequency of the carrier by any 

desired amount* 

d. frequency of the carrier by 



Figure 2 



heterodyning action 



3. The AUDIO AMP is used 



5. The ability of a receiver to select and 
reproduce a desired signal from several 
closely spaced stations or from interfering 
frequencies is determined by receiver 



CONFIRM YOUR ANSWERS 



B. Turn to Student Text, Volume DC and 
read paragraphs 6-17 through 6-40*Return to 
this page and answer the following questions: 

NOTE; In answering questions l through 
6 t refer to figure 3 of the Adjunct Guide or 
ST- IX, figure 6-5. 



RF 
OSC 



ftF AMP 
{BUFFE 
[MULTIPLE 



:R} H 

\_M 1 



RF POWER 
AMP 



ANTENNA 



1 



AUDIO 
AMP 



MODULATOR 



Figure 3* AM Transmitter 



, a* to amplify the audio so that it is 

large enough to drive the MODULATOR to 
cut off and saturation. 



b* as a very narrowbandampiifier, 
to amplify the current from the microphone. 

, c, as an amplifier to increase the 



signal amplitude to a sufficient amplitude 
to drive the MODULATOR* 



d* to convert the audio sounds into 



electromagnetic energy. 



4. The MODULATOR is used to 



a* provide the nonlinearity for 



modulation, 

, b, provide the power for the side- 



bands. 



c. provide isolation for the 



oscillator. 

> d, produce the sidebands. 
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5> The RF POWER AMP is used to 



a, provide the nonlinearlty for 



modulation. 

b. provide the power for the side- 



bands. 



c ♦ produce changes in carrier 



frequency. 

d. amplify the audio signal. 

6. The ANTENNA is uaed to convert 

a. RF signals into sound waves. 

b. RF signals into electromagnetic 

waves. 

( , c. electromagnetic waves into 

sound waves. 

d. RF signals into audio signals. 

7, Figure 4 illustrates the modulating 
section of a transmitter. Determine the 



carrier power p c 



and the 



MODULATOR SURPLUS 
2S0W TO PA 




OUTPUT 
Ptb: 



TOUt INPUT TO 

PA IS 7S0H 
100% MODULATION 





POWER SUPPLY 
500 Wf 



KtP4-l79? 



Figure 4 

8. if amplification occurs after modulation, 
the sidebands receive more amplification 
thai the carrier. (TRUE)(FALSE) 

9. Changing the load on the carrier 
oscillator 



a. is desirable. 

b. is undesirable. 

c. cannot be avoided. 



10. The stage in which modulation occurs 
is (line ar ) {nonlinear ) . 

CONFIRM YOUR ANSWERS 



sideband power P gb 



3 

3ls 




U5 AC 
INPUT 



T4 - POWER SUPPLY - 
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C, Turn to Student Te^t, Volume IX and 
read paragraphs 6-41 chrough 6-44, Return 
to this page and answer the following 
questions, 

NOTE: Use figure 5 in answering questions 
1 through 10, 

1. A DC path of current through the RF 
oscillator is from ground through Tl t 



Figure 5 

2, RF oscillations are coupled from Tl and 
CI through C to the grid of 



R 
R 



VI, 



to B«K 



of V2 through C 



RF is coupled from the plate 



. and C 



amplified by V3 and developed in the tank 

circuit consisting of C and 

T (primary) and coupled to the 



antenna. 
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3. The DC path of current in the audio voltage 
amplifier is from ground through R — 

V 1 and R 1 to B+. 

4_ The DC path for current from the RF and 

AF stages is from B+ (top of R16) t R . , t 

L ^, V, . and T4 secondary to ground. 

5_ A path of DC in the RF power amplifier 
is from through R , V_ 



T— (primary), Tr and T. 

(secondary), to B+. 



CONFIRM YOUR ANSWERS 



6_ Two paths for DC in the RFvoltage ampli- 
fier stage are from ground through RStotthe 



plate V2, L< , to Bf; and the 

of V2, R , to B+. 



7, Two paths for DC in the audio power 
amplifier stage are from ground through R13; 



to the plate of V5 t T- 



to B+; 



and to the screen grid of V5 f R — — , to 
Bk 

S. The signal coupled to the antenna consists 
of a 



a. sideband only. 
b« modulated audio, 
c. carrier and audio. 



d. carrier and sidebands. 
9. In figure 5, modulation is accomplished 
by varying the - of V. 

10- The percent of modulation of the trans- 
mitter (figure 5) will (increase) (decrease) 

if the wiper arm of R9 is moved toward 
ground* 



D- Turn to Student Text, Volume DC and 
read paragraphs 6-45 through 6-77. Return 
to this page and answer the following 
questions, 

NOTE: Use figure 6 in answering questions 
1 through 8. 





RF am? 






n| IF am? 




CCTECTQQ 













AUDIO 




POirER 









=<3 



Figure 6 

1- The RF AMP reduces interference caused 
by 

, a, mirror frequencies, 

b« co- channel signals. 

c. image frequencies. 

2. Name the two basic types of frequency 
conversion stages used in a superheterodyne 
receive r. 



3, An oscillator is part of the frequency 
conversion stage called a 



4. The local oscillator may be tuned above 
or below the desired incoming RF (TRUE) 
(FALSE) 

5. What is the image frequency for 1500 
kHz if the oscillator is tuned below the 
desired RF and the IF is 455 kHz? 

6. All superheterodyne receivers use an 
intermediate frequency of 455 kHz. (TRUE) 
(FALSE) 

7. The IF amplifier tank is adjusted to 
different stations. (TRUE)(FALSE) 
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ANTENNA 





RF AMP 






» 



FREQUENCY 
CONVERTER 



IF AMP 



DETECTOR 



AUDIO 
AMP 




POWER 

AMP 
(AUDIO) 




m 
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Figure 6. (Repeated) 



8. From the labeled block diagram and the list of statements that describe each block of 
a single conversion AM receiver^ match each block with the proper statement. 



BLOCK 



a. IF AMP 

b. AUDIO AMP 

c. ANTENNA 

d. DETECTOR 

e. POWER AMP 

f. RF AMP 

g. FREQUENCY CONVERTER 



STATEMENT 

1. The stage that amplifies the small AC 
voltages induced into the antenna. 

2. The stage that changes the incoming radio 
frequencies to intermediate frequencies. 

3. The stage that primarily determines the 
selectivity of the receiver. 

4 + The stage that converts the electromagnetic 
waves into voltage and current. 

5. The stage where the sidebands are hetero- 
dyned against the carrier. 

6. The stage that produces the power to drive 
a speaker. 

7. The stage that amplifies the audio signal 
from the detector. 



CONFIRM YOUR ANSWERS 



E. Turn to Student Text» Volume DC read 
paragraphs 6-78 through 6-85. Return to 
this page and answer the following questions. 

1. Elimination of outer sidebands results 
in ■ distortion. 

2. Distortion caused by heterodyning the 
sidebands against each other is 

. . distortion. 



3. Reception of more than one signal of the 
same frequency is called > 



4. Square law distortion is a direct result 
of second harmonic distortion. (TRUE)(FALSE) 

5. Adding second harmonics to a signal will 
alter its shape. (TRUE)(FALSE) 



6 
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6, Cochannel interference may be reduced 
by using directional antennas. (TRUE) 
(FALSE) 

7, Bandpass distortion may be reduced by 
reducing the bandwidth of the IF amplifier. 
(TRUE)(FALSE) 



8. The fidelity of a square law detector is 
poor compared to a linear detector. (TRUE) 
(FALSE) 



CONFIRM YOUR ANSWERS 



7 

322 




3 zi rar mmms mm 



F. Turn to Student Text, Volume DC and 
read paragraphs 6-86 through 6-103* Return 
to this page and answer the following 
questions ♦ 

NOTE: Use figure 7 in answering questions 
1 through 20* (Figure 6-16 of ST-DC) 

1. Which signal is present in the col- 
lector circuit of Q104? 

a* Modulated IF* 

b. RF. 

■ c. Audio. 
d. IF, 

2 + The amplified RF is coupled to the 

a P base of Q102 by L102. 

b + base of Q101 by C103. 

. c + collector of QI02 by T10I. 

d + collector of Q104 by C119. 

3. Capacitors C101, C106 and C110 are 

a + main tuning capacitors. 

^„ bp trimmer capacitors. 
Cp padder capacitors, 

4 + Which signal is coupled from the antenna 
to Q101? 

a P Selected RF. 

b + IF* 

, c. Modulated IF. 

d. Amplitude modulated audio. 

5 + The amplified IF is coupled to 

a. Q102 by T102. 

b. Q104 by T103 + 

c. CR10I by T102. 

. d. Q101 byRlOl. 



6. The audio is first amplified by 

and then, and ( in push pull. 

7+ Which signal is coupled from CR101 
to the base of Q104? 

a + RF. 

b. IF. 

c+ Modulated RF. 

, , ■ ■ , d. Audio. 

6* The signal developed in the tuned circuit 
of L103, C110 and C102C is 

a, modulated RF. 

, b. modulated IF* 

. c. unmodulated RF. 

9+ The amplified audio at the collector of 
Q104 is coupled to the base of QlOSand Q106 
through 

a. R115 and R116. 

■ ^ b + C119, RU5 and R116 + 

, c. C119, C120 and CR102. 

d. T103. 

10* The signal is 

developed across R1I3. 

11. As the RF signal strength increases, 
the AVC voltage becomes (more) (less) 
positive. 

12. Moving the wiper of R113 away from 
ground, increases the signal voltage applied 
to Q104 and increases the audio out. (TRUE) 
(FALSE) 

13. The DC paths in the IF amplifier are 
from ground throughR , emitter- 
base of Q ^, T101 secondary, 

R and R to V C c; and 

from ground through R110, emitter-collector 
of Q 103, R R. to V CC+ 
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Figure 7. (Repeated) 



14, The DC paths in theRFamplifier,Q101, 
are from ground through 



and R 



to vcc; 



emitter-base of Q101, and , 

to the \YC voltage; and from ground through 

R102 t emitter-collector of Q101 and , 

and , to Vqq* 

15. A path for current in the audio ampli- 
fier, Q104, is from ground, through emitter- 
collector of Q104 t and primary, 

, to V cc , 

16. The DC paths in the audio power ampli- 
fier stage, Q105, are from 

through R r emitter-base of 
Q105 t T and R 



to V££, and from ground through R117, 

emitter- collector of Q105 t T 

to 

17. The DC paths in the power ampliftor 
stage, Q106, are from ground through 

R , 1 emitter-base of Q106, 



and from ground through R118, emitter- 
collector of Q106, T , 

to 

18. The DC paths in the frequency converter, 

Q102, are from ground through E , 

emitter-base of Q102, L . 1 

and R115 to V^c, and from 



ground through R1Q4, emitter-collector of 

Q102, R and L (in 

parallel), through T and 

R to V C c- 

19, The forward bias network for Q104 is 
from ground through the emitter-base junction 



of Q104, R _ 
R 1 to 



■J 



CONFIRM YOUR ANSWERS 



10 
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MODULE SELF-CHECK 

1. From the list of statements, select the statements that identify the causes of 

, a, second harmonic distortion. 1 . Distortion caused by another station on the 

same channel as the one desired. 

. b. bandpass distortion. 

2, Distortion caused by heterodyning the side- 
■ c. cochannel interference. bands. 



3, Distortion caused by theeliminationofsome 
of the desired sidebands prior to demodulation. 



2. From the listof statements of transmitter 
characteristics t select the statement that 
describes frequency STABILIZATION. 

. a< reproduce the intelligence signal. 

■ b, maintain the operating frequency. 

, c. produce the desired power out. 

d, convert audio signals into RF 

signals. 

3, From the list of statements of receiver 
characteristics, select the statement that 
describes SENSITIVITY. 

, a, The ability of a receiver to 

select and reproduce a desired signal from 
among several closely spaced stations. 

, b, Ratio of the IF output voltage to 

the input signal voltage of the frequency 
converter. 

c, The ability of a receiver to 

reproduce the original modulating signal. 

■ d. The ability of a receiver to 

reproduce the intelligence of a very weak 
signal. 



4, From the list of statements of receiver 
characteristics, select the statement that 
describes SELECTIVITY, 



a. The ability of a receiver to 
select and reproduce a desired signal from 
several closely spaced stations. 



, b. Ratio of the IF output voltage to 

the input signal voltage of the frequency 
converter. 



— _ c. The ability of a receiver to 
reproduce the original modulating signal. 

d. The ability of a receiver to 

reproduce the intelligence of a very weak 
signal. 

5* Direct modulation of an oscillator usually 
causes frequency instability, (TRUE){FALSE) 

6, Variations in load impedance on an LC 
oscillator will not cause frequency changes. 
(TRUE)(FALSE) 
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Figure 1 



j | RF OSCILLATOR 



RF VOLTAGE AMP 



RF POWER AMP 




AUDIO FREQUENCY SECTION 



US AC 
INPUT 



I 




*TTf\ — <vw 

L6 R15 



~CJ9 



HEATER VOLTAGE 
O 



__L <R16 
C20^ 



Td " POWER SUPPLY - 
Figure 2 
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7. From the labeled block diagram and a list of statements that describe each block of an 
AM transmitter, match each block with the proper statements, Refer to figure 1 or ST-DC. 
figure 6*5. 



BLOCK 



a. RF OSC 

b. RF AMP 

c. RF POWER AMP 
d* AUDIO AMP 

e. MODULATOR 

f. ANTENNA 



Refer to figure 2 for questions 8 and 9* 

8* Trace the RF and intelligence signals 
from origin to output. For each stage, in 
turn, name the type of input and output 
signals and the next stage. (Figure 6-7 in 
ST-DC) 



V 4 



V5 



V 1 



V2 



V 3 



input 
output 



audio. 



next stage 
input 



output 



next stage 
input 



output 



next stage 

input 

output 



next stage 

inputs 

& 



output 



next stage Antenna 



9. Trace the direct current paths from 
ground through each stage. Place the com' 
ponent number in the blanks, in turn* 



STATEMENT 

1. The stage that converts RF currents into 
electromagnetic energy* 

2. The stage that produces the carrier. 

3. The stage in which the sidebands are 
produced. 

4. The stage that amplifies the signal applied 
to the modulator* 

5. The stage that produces the power for the 
sidebands. 

6. The stage that is used as an isolator, 
frequency multiplier or amplifier. 

VI* T . >, R 

V , L and 

R . to B+. 

V2. R - . V ■ to 



screen grid. R 
also through V 
and L 



to B+; 



-, to plate. 



V3, 



R 
T 



to Bf . 



-, L 



V4. 



V5. 



and T 
R 



-j to Bf* 
f V 



and R 
R ^_ 



M to Bf * 
J* 



V6. 



to screen grid, and R - 
to B+; also through V - 

to plate and T 

R . R , 

L , V 



-> to B+. 



(power transformer- 



secondary) to.ground. 
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ANTENNA 



RF AMP 





FREQUENCY 
CONVERTER 


» 


IF AMP 





DETECTOR 













POWER 


AUDIO 




AMP 


AMP 


* 


(AUDIO) 
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Figure 3 



10, Use figure 3 or figure 6-8 in ST- DC and the list of statements that describe each block of 
an AM receiver, match each block with the proper statement. 



BLOCK 



a. ANTENNA 

b. RF AMP 

c. FREQUENCY CONVERTER 

d. IF AMP 

e. Detector 

f . Audio AMP 

g. POWER AMP 



STATEMENT 

1, The stage that determines the receivers 
selectivity and major portion of the receivers 
gain prior to demodulation. 

2, Intercepts the electromagnetc wave and 
converts it into RF currents, 

3, The stage that produces the power to drive 
the final transmitter stage. 

4 + The stage that reproduces the intelligence 
signal from the modulated IF signal. 

5, The stage that heterodynes a local signal 
with the RF to produce the IF* 

6, The stage that amplifies the audio taken 
from the detector output* 

7, The stage that selects and amplifies the 
desired RF signals* 



11 + Use figure 6-16 of KEP-ST-DC and trace 
the signal flow from origin to output. For 
each stage, in turn, name the type of input 
and output and the next stage. 



C103 



input - 
output 



Q101 



input B£_ 



CR101 



output . 

next stage , 



next stage 
input 

output 



Q102 



input ~ 
output 



Q104 



next stage 

input 

output — 



next stage 



next stage 
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Q105 &Q106 



input 



output 



next stage . Speaker 

12. Use figure 6-16 of KEP-ST-K and trace 
the circuit current paths from ground through 
each stage. Place the component number in the 
blanks, in turn. 



Q101. 



Q102. 



Q103. 



R 
Q 
R 
R 



-, emitter-base of 



.,R 



-» R 



and R 
R 



-, to V CC ; also, 



of Q 
and R 
R 

Q — 

R 

to, - 



-, emitter- collector 
L , 



-, to V CC . 

— , emitter-base of 
L , 



and R 



also, R 



emitter- collector of Q _ 
L , and R 



(in parallel), then T , 

R ., to . 

R , emitter-base of, 

Q , T , 

R , R , 



R 
R 
Q 
R 
to 



to 



.; also, 



emitter- collector, 

_, T , 

,R 



Q104. Emitter-base ground, of Q 
R . T - 



primary, R 



to V CC ; 



also, emitter- collector of Q . . 

T , R , to V CC . 

Q105. R . , emitter-base of 

Q , T 

R , to ; 



also, R 
of Q _ 



emitter- collector 
T , to 



Q106. R 

Q 
R 
R 



emitter-base of 
T , 



to V CC ; also, 



of Q 



emitter- collector 
T , 



to Vcc 



CONFIRM YOUR ANSWERS 
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ANSWERS TO A - ADJUNCT GUIDE 

1 . True 

2. c 

3. sensitivity 

4. a. Reception 

b. Selection 

c. Detection 

d. Amplification 

e. Reproduction 

5. selectivity 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO B - ADJUNCT GUIDE 

1. / d 

2. b 

3. c 

4. b 

5. a 

6. b 

7. P c = 350 W 
Psb = W 

8. False 

9. b 

10* nonlinear 

K you missed ANY questions, review the 
material before you continue. 



ANSWERS TO C - ADJUNCT GUIDE 

U R2, U>R3 

2, C3, V2, C8, C10 t C12, T2 

3, R10 t V4, Rll 

4, R15, L6, V6 

5, ground, R8, V3, T2 (primary), 
L5, T3 (secondary). 

6, L2; screen grid, R6 

7, T3; R14 

8, d 

9, plate voltage, V3 
10. decrease 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO D - ADJUNCT GUIDE 



1 

1 * 


c 






*y 
£. 


mixer 








converter (order not important) 


3. 


converter 






4. 


True 






5. 


590 kHz 






6. 


False 






7. 


False 






8. 


a. 3 


e. 


6 




b. 7 


t. 


1 




c. 4 


g- 


2 




d. 5 







If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO E - ADJUNCT GUIDE 

1 * bandpass 

2, 2nd harmonic 

3, cochannel interference 

4, True 

5, True 

6, True 

7, False 

8, True 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS T O F - ADJUNCT GUIDE 

1, c 

2, a 

3, b 

4, a 

5, c 

6, Q104; Q105 and Q106 

7, d 

8, c 

9, d 

10. audio 

11. less 

12. True 

13. R110; Q103; R109; R107; R115 
and T102; R107; R115 

14. R102; R101; R106 

and L102; R115 
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15, T103; R115 

16, ground; R117; T103 secondary; 
R116 and T104 Primary; Vcc 

17, R118; T103 secondary; 
R116 and T104 primary; Vcc 

18, R104, L102 secondary; R103 and 
R105; L103, T101 primary; R115 

19, R114; T103 primary; R115, V C C 

I If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO MODULE SELF-CHECK 

1. a- 2 

b, 3 

c. 1 

2. b 

3. d 

4. a 

5. True 

6. False 

7. a. 2 

b. 6 

c. 3 

d. 4 

e. 5 

f. 1 

8. V4 input - audio output - amplified 
audio next stage - V5 (modulator) 

V5 input - audio output - amplfied 
audio next stage - V3 (RF power 
amplifier) 

VI input - tank fretmency output - 
amplified carrier next stage -» V2 
(RF voltage amplifier) 

V2 input * carrier output - amplified 
carrier next stage - V3 (RF power 
amplifier) 

V3 inputs - carrier & audio output - 
modulated RF wave next stage -» 
antenna 

9. VI - Tl, R2, VI, LI, and R3 

V2 - R5, V2, R6; also, V2 f L2. 

V3 - R8, V3, T2, L5 and T3. 

V4 - RIO, V4, and Rll. 

V5 - R13, V5, R14; also, V5, T3. 

V6 - R16, R15, L6, V6 f T4 




[lO. a, 2 
t V), 7 
C, 5 

d. 1 

e. 4 

f. 6 

Q101 - input - RF output - RF next 
] stage * Q102 (Frequency Converter) 

■ Q102 - input - RF output - IF next 
[ stage - Q103 (IF Amplifier) 

j Q103 - input - IF output - amplified 
' IF next stage - CR101 (Detector) 

CR101 - input - if output - audio 
next stage - Q104 (Audio Amplifier) 

Q104 - input - audio output - ampli- 
fied audio next stage - Q105 & Q106 
(Audio Power Amplifier) 

Q105 & Q106 - input - audio output - 
amplified audio next stage - Speaker 

12. £101. R102, Q101, RtOl, R106, R108, 
R109, R107 andR115; also, R102, Q101, 
L102 and R115 

Q1Q2 , R104, Q102,L102,R103,R103, 
R115, to V C c; also* RIM, Q102,L103 
and R105 then T101, R115, to Vcc* 

Q103. R110, Q103,T101,R109,R107, 
R115, to Vcc; also,R110,Q103, T102, 
R107, R115 to V C C. 

Q104 , Q104, R;i4 t T103, R115; also, 
Q104, T103, R115, 

Q105. R117, Q105, T103, R116, to 
V c c; also, R117, Q105, T104,toVcc- 

l 

; Q106. R118, Q106, T103, R116, to 
V C C; also, R118, Q106, T104 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT REVIEW 
THE MATERIAL OR STUDY ANOTHER 
RESOURCE UNTIL YOU CAN ANSWER 
ALL QUESTIONS CORRECTLY. IF YOU 
HAVE, CONSULT YOUR INSTRUCTOR 
FOR FURTHER INSTRUCTION. 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 

MODULE 70 

SINGLE SIDEBAND SYSTEMS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course- This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives. 

CONTENTS 



Title 

Overview 

List of Resources 

Adjunct Guide 

Module Self- Check 

Answers 

OVERVIEW 

1. SCOPE: This module contains material 
on the basics of a single sideband communica- 
tions system and includes the following: the 
block diagrams of a transmitter and receiver 
with a description of signal and current paths. 

2. OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives. 

a. Given a labeled block diagram and a 
list of statements that describes each block 
of a single sideband transmitter, match 
each block with the proper statement. 

b. Given a labeled block diagram and a 
list of statements that describes each block 
of a single sideband receiver, match each 
block with the proper statement. 

c. Given a schematic diagram of a single 
sideband transmitter, trace 

(1) the RF and intelligence signal flow 
from origin to output. 



Page 

i 
i 
1 

9 
16 

(2) direct current path through each 
stage in a closed loop, 

d. Given a schematic diagram of a single 
sideband receiver, trace 

(1) the signal flow from origin tooutput. 

(2) direct current path through each 
stage in a closed loop. 

LIST OF RESOURCES 

To satisfy the objectives of this module 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following. 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text, Volume DC 

AUDIOVISUAL AIDS: 

TV Lesson, Introduction to Single Sideband, 
TVK-30-611 



Supersedes Guidance Package KEP-GP-70, 1 August 1975: stock on hand will be used. 
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AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



ADJUNCT GUIDE 



INSTRUCTIONS: 



Study the referenced materials asdirected. 



Return to this guide and answer the 
questions. 

Confirm your answers with the answers 
at the back of this Guidance Package. 

Contact your instructor if you experience 
any difficulty. 

Begin the program. 



The material presented in this module will 
assist you in understanding the operation of 
a single sideband communication system. 



A. Turn to Student Text, Volume IX, and 
read paragraphs 6-125 through 6-145. Return 
to this page and answer the following 
questions. 



1, Single sideband transmitters suppress 
one set of sidebands and the carrier. (True) 
(False) 



2. The bandwidth of a SSB system comparec 
to AM is 



a. the same. 



b. twice as wide. 



c. one half. 



d. much wider. 



3. An AM transmitter is modulated with a 
tone at 100 percent modulation. Which of 
the following divisions of intelligence power 
are produced in one sideband? 



a, 1/6 total power 



b. 1/4 total power 

c. 1/3 total power 

d. 1/8 total power 



4, SSB has better performance because of 



a. wider bandwidth. 



b. reduction in selective fading. 



c, lower signal to noise ratio. 

d, the simplicity of the demodulator. 

5. SSB transmitters are more efficient 
due to elimination of the • 
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Figure 1. Single Sideband Transmitter Block Diagram 

10. The filter eliminates 



NOTE; Use figure 1 in answering questions 
6 through 12. 

6. Which stage eliminates the carrier in a 
SS© transmitter? 



_a. Filter 

b. Mixer 

_c. Balanced modulator 

d. Driver 



7. The carrier oscillator in a SSB trans- 
mitter does not require a high degree of 
stability, (True) (False) 

8, The input to the balanced modulator is 

a- audio and modulated carrier. 

b, audio and an unmodulated 



carrier. 



_c. DC and a modulated carrier, 
d. DC and audio. 



9, The output of the balanced modulator is 
the 

a- upper and lower sidebands and 



the carrier. 

b. upper sidebands and the carrier, 

c, lower sidebands and the carrier. 

d. upper and lower sidebands. 



.a. both sets of sidebands. 

b. the carrier. 

_c. one set of sidebands. 

d. power supply ripple. 



11. What is the function of the mixer? 



a. Produce harmonics of the 



sideband. 

b. Raise the frequency of the 

sideband. 

c. Increase the frequency swing of 



the sidebands. 



ji. Lower the frequency of the 



sideband. 



12. From the labeled block diagram and the 
list of statements that describe each block 
o* a single sideband transmitter , match 
each with the proper statement* 
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BLOCKS 
a. Power Amplifier 



CONFIRM YOUR ANSWERS* 



b. Carrier Oscillator 



c. Mixer 



d, Audio Amplifier B, Turn to Student Text, Volume DC, and 

read paragraphs 6-146 through 6-149*Return 
to this page and answer the following 

e, Driver questions* 



f. Balanced Modulator 



_g. Filter 1. A conventional AM broadcast receiver 

can receive and demodulate SSB, (True) 
(False) 

h. Oscillator 



STATEMENTS 



(1) The stage that develops the 
RF carrier. 

(2) The stage that passes the de~ 
sired sidebands, 

(3) The stage where the sidebands 
are produced and the carrier eliminated. 



(4) The stage that amplifies the 

audio, 

(5) The stage that produces the 
power to be radiated, 

(6) The stage that raises the fre- 
quency level of the sideband. 



(7) The intermediate amplifier. 



(8) The stage that produces an RF 

signal. 



2, The bandwidth of an SSB receiver com- 
pared to an AM receiver is 

a* the same, 

h twice as wide. 
c* half as wide, 

3* The product demodulator has two signal 

inputs. They are the 

and the . 
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Figure 2* SSB Receiver Block Diagram 



4. From the labeled block diagram (figure 
2) of an SSB receiver, match each block 
with the proper statement* 

a. Frequency Converter 

b* Audio Amplifier 

c* RF Amplifier 

d. Product Demodulator or Detector 

e* Power Amplifier 

f* Oscillator 

g. IF Amplifier 

(1) The stage that primarily determines 
receiver selectivity. 

(2) The stage that produces the power 
to drive the speaker* 

(3) The stage that produces audio* 

(4) The stage that primarily determines 
the receiver sensitivity* 

(5) The stage that produces a carrier 
signal* 

(6) The stage that converts the incoming 
RF to IF, 

(7) The stage that amplifies the signal 
from the demodulator. 

CONFIRM YOUR ANSWERS. 



C* Turn to Student Text, Volume IX, and 
read paragraphs 6-150 through 6-153* Return 
to this page and answer the following 
questions* 

NOTE: Use figure 3 In answering questions 
1 through 22 (figure 6-26 in KEP-ST-EC)- 

1. The paths of direct current in the mixer 

are from ground through R , Q , 

and RHO to V Cc * Also from ground through 

R , Q , and T106 to V cc . 

2* The paths of direct current in the audio 
amplifier are from ground through R102, 

Q in parallel with R , then through 

R and T102 to V cc - Also from ground 

through R102, Q and T to V cc . 

3* The direct current paths In the carrier 
oscillator are from ground through R105, 
emitter base of Q102 in parallel with R104, 
then through R103 to Vqq* Also fromground 
through R105, emitter collector of Q102, 
and primary of T103 to V cc * (True) (False) 

4* The direct current paths In Q103 are 
from V cc through R109, RFC101, collector 
emitter of Q103, C 108 to ground* Also from 
Vcc through R1D8, base emitter of Q103 
and C108 to ground* (True) (False) 

5* The direct current in the plate circuit of 
the driver is from ground through R113, 



V , and RFc to B+* 
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Figure 3. SSB Transmitter Schematic 

6. The path of screen current in the power 

amplifier is from ground through R , 

VI 02 andE to B+. 

7. The direct current in the plate circuit 

of V102 is from through R 

VI 02 and RFC to B+. 



10. The amplified audio is coupled to the 
base of Q102. (True) (False) 

11. The carrier oscillations are coupled 
through T102 into CR101. (True) (False) 

12. The carrier is coupled out of the 
balanced modulator through T104 to the 
filter. (True) (False) 



13. The audio is coupled into the balanced 
modulator through Tx02. (True) (False) 



8. The screen current path for V101 is 

from through R , V101 and 

R to B+. 

9. The audio signal is coupled through 
CI 01, developed across R101, and applied 
to the base of Q1Q1. (True) (False) 



14. The carrier oscillator signal is coupled 
into the balanced modulator through T103. 
(True) (False) 

15. The only output through T104 is the 
upper and lower sidebands. (True) (False) 

16. The filter passes the desired sidebands 
to T105. (True) (False) 
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17. The oscillations from the collector of 
Q103 are applied to the 

_ a. collector of Q104. 

b. emitter of Q104. 

c, base of Q104. 

d. control grid of V101. 

18. The desired sideband from T105 is 
coupled to the 

a. base of Q103* 

b* collector of Q104. 

c* base of Q104. 

d. collector of Q103. 



19. The output signal of the driver is coupled 
to the grid of the power amplifier. (True) 
(False) 

20. The output of the mixer Q is 

coupled to the grid of V ♦ 

21, The power amplifier receives its signal 
from the driver into its plate circuit by 
coupling through RFCi02 andRFC103* (True) 
(False) 

22, The output of V102 is coupled to the 
antenna, (True) (False) 

CONFIRM YOUR ANSWERS ♦ 



Turn to Student Text* Volume IX, and 
read paragraphs 6-154 through 6-155. Return 
to this page and answer the following 
questions. 

NOTE: Use figure 4 in answering questions 
1 through 20 (figure 6-27 in KEP-ST-IXh 

1, The RF signal is coupled to the base of 
Q101, the 

a. RF amplifier, 

b- frequency converter. 



c. IF amplifier. 
d» llmlter. 



2- The amplified RF from the RF amplifier 
is coupled to 

a. the base of Q102 by L102. 



b. the base of Q102 by R103. 

c* the collector of Q102 by T101 

and R1Q5. 

d. the collector of Q104 by C119. 



3. What type signal is present in the col- 
lector circuit of Q104? 

a. Modulated IF 



b. RF 



c. Audio 



d. IF 



4, What signal is coupled through C109 to 
the emitter of Q102? 

a. Modulated IF 



b- RF 

c. Unmodulated IF 



d. Local oscillator 



5, What signals are coupled from the col- 
lector of Q102 to the base of Q103? 

a. RF 

b, IF 



c. Modulated RF 



d. Audio 
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Figure 4. S3B Receiver Schematic 



6. The signal coupled through C125 to the 
demodulator Is the 



_a* upper sideband frequency. 



_b. lower sideband frequency. 



_c* carrier frequency. 



10. The DC paths in Q106 are from 

and R through emitter base 

of Q106 through T and R116 to V cc . 

Also from and R through 

emitter collector of Q106 and T to 

VCC* 



_d* audio signal. 



7, The IF is applied to the base of Q107, 
(True) (False) 



8. The signal developed across R113 is the 



11. The. DC paths in the IF amplifier are 
from ground through R f Q f T101, 

R , R , R f to Vcc> 3130 from 

ground through R , Q , T102, and 

R , R * to V C c 



a. modulated IF. 



b* carrier* 



12* The forward bias network for the carrier 
oscillator is fromgroundthroughL105 f C130, 
R124, and RFCI07 to V cc , (True) (False) 



c, sideband. 



d, audio. 



9, The amplified audio in the collector of 
Q104 is coupled to the base of Q105 and 
Q106 through 



„a, R115 andR116, 

_b, C119, R115 andR116* 

_c, T103, 

d, C119, C120 andCR102, 



13, The collector path of direct current in 
Q106 is from ground, part of L105, R125, 
emitter collector of Q108 and RFC107 to 
Vcc* (True) (False) 



14. The DC paths for Q102 are from ground 

tnrough R f emitter base of Q102, 

L , and R103 to VqC> also from ground 

through R t emitter collector of Q102, 

R t and L in parallel then T101 to 



VCC- 
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1£ The forward bias network for Q104 Is 
from ground through the emitter base Junction 
of Q104, C118, R113, R112, and R123 to 
Vcc* (True) (False) 



20, A path of direct current in the carrier 
oscillator Is from ground through L105, 
R125, emitter collector of Q108 and RFC101 
to V CC- ( True ) (False) 



16, The correct DC paths in the RF amplifier 
are from ground through R emitter 

base of Q , R101 andR toapositlve 

voltage, also from ground through R , 

emitter collector of Q101 and L to 

vcc- 

17. The DC paths in the circuit of Q105 are 

from ground through R t emitter base of 

Q105, T and R116 to Vcc* also from 

ground through R117, 

of Q105 and T104 to V cc . 

18, The collector load of Q104 is . 

19. The DC paths for Q107 are from ground 

through R , emitter base of Q107, 

secondary of T in parallel with R121, 

then through R to t also from 

ground through R , emitter collector of 

Q107, L and R to Vcc- 



CONFIRM YOUR ANSWERS . 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 



MODULE SELF-CHECK 



QUESTIONS: 



1. A SSB system is less subject to noise 
because it 

a. has a wider bandwidth. 



b. produces less noise in the 

transmitter. 

c- has a narrower bandwidth. 



,d. Is in a noise free spectrum. 



2. A SSB system is less subjectto selective 
fading. (True) (False) 



3. The benefits of the SSB system arise 
primarily from the higher overall efficiency 
of generation and use of sideband power. 
(True) (False) 
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Figure 1* Single Sideband Transmitter 



4. From the labeled block diagram in figure 
1 and the list of statements that describe 
each block of a single sideband transmitter, 
match each with the proper statement. 

BLOCKS 
a* Carrier Oscillator 



STATEMENTS 

(1) The stage that produces the side- 
bands and eliminates the carrier. 



(2) The stage that amplifies the audio to 
the level necessary to drive the balanced 
modulator. 



b. Filter 



(3) The stage that produces the RF 
carrier* 



c* Driver 



(4) The stage that produces the power 
to be radiated by the antenna. 



d. Oscillator 



(5) The stage in which heterodyning 
occurs to raise the frequency level of the 
desired sideband. 



e. Balanced Modulator 



(6) The stage that passes only the de- 
sired sideband. 



f. Mixer 



_g* Power Amplifier 



_h* Audio Amplifier 



(7) An Intermediate amplifier used to 
develop a signal large enough to drive the 
power amplifier. 



(8) The stage that produces the RF 
signal used to heterodyne with the sideband 
to produce the desired frequency level* 
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Figure 2* Block Diagram SSB Receiver 



5* From the labeled block diagram shown 
in figure 2, and the list of statements that 
describe each block of a single sideband 
receiver, match each block with the proper 
statement* 



STATEMENTS 

(1) The nonlinear stage that produces 
the audio* 



BLOCKS 



_a* IF Amplifier 



(2) The stage that produces the signal 
to heterodyne with the sideband to produce 
the intelligence* 



_b* Power Amplifier (Audio) 



(3) The stage that amplifies the audio so 
that it is large enough to drive the power 
amplifier* 



_c* Frequency Converter 



_d* Audio Amplifier 



(4) The tuned amplifier that amplifies 
the desired signal from the frequency 
converter* 



(5) The output stage* 



_e* Oscillator 



„f* RF Amplifier 



(6) The stage that produces the IF* 



(7) The stage that selects the desired 
incoming frequency, amplifies it, and couples 
_g* Product Demodulator or Detector it to the frequency converter* 
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6. Using figure 3, the schematic diagram 
of a single sideband transmitter, trace the 
EF and intelligence signals from origin to 
output. List each stage In turn, name the 
type of input and output signals, and the 
next stage . 

Q input 



Figure 3* SSB Transmitter Schematic 

Filter inputs 



& 



output 



next stage 



output 



next stage 
output 



output 



next stage, 

inputs 

output 



CR 



next stage 
Inputs 



outputs 



next stage , 

input 

output 



next stage 



next stage . 
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input 



output 



next stage 



antenna 



7, Using figure 3, the schematic diagram 
of a single sideband transmitter, and a list 
of stages, trace the direct current paths 
from ground through each stage. Place the 
component number in the blanks in turn. 



Q101 



Q102 



Q103 



R_ 
T. 



and 



- to also R 
and T to V, 



CC* 



Q , and R to 

p ; also R , Q , and 

to 



.1 Q, 



, and R 



V cc ; also R_ 
RFC , and R. 



to 



8, Using figure 4, the schematic diagram 
of a single sideband receiver, trace the 
signal flow from origin to output. List each 
stage in turn, name the type of input and 
output, and the next stage (figure 6-27 in 
KEP-ST-DC). 



input 



output. 



next stage . 



input _ 
output. 



next stage. 



input _ 
output , 



next stage , 



output . 



next stage < 



Q104 



„, and R_ 



Vcc; al so R > Q- 

and T to , 



to 



inputs. 



output < 



next stage 



V101 



B+; also R 

R to B+, 



RFC to 

V , and 



input 



output 



next stage . 



.4. 



V102 R , V , and RFC. 

to ; also R , V. 

and R to * 



Input H 



output 



next stage 



speaker 
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9. Using figure 4, the schematic diagram 
of a single sideband receiver and a list of 
stages, trace the direct current paths from 
ground through each stage. Place the com- 
ponent number in the blanks In turn (figure 
6-27 of Student Text), 



Q108 L , R , Q 

R and RFC to t 

also L , R , Q 

and RFC to . 



QiOl R » Q , R t 

R i R r R , and Q104 Q , R , and T to 

R to V cc ; also R t Vcci * l so Q and T to 

Q j and L to V cc , v cc . 



Q102 R , Q L p and Q105 R , Q t T , and 

R to ; also R t R to ; also R r 

Q , L and R Q , and T to 

then T to Vcc 

Q106 R , Q t T , and 

Q103 R , Q , T , R to ; also R , 

R , and R to ; Q , and T to 

also R , Q t T P 

and R to . 



CONFIRM YOUR ANSWERS . 



Q107 R , Q t T , and 

R to V cc ; also R t 

Q * L , and R to 

V C C< 
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fiiWili mm figure 4. SSB Receiver 
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ANSWERS TO A: ANSWERS TO C: 



1. 


True 






2. 


c 


1. 


Rill and Q104, Rill and Q104 


6. 


a 






i. 


b 


2. 


Q101, R101 and Rli6, QlOl and 


5. 


carrier 


3. 


True 


6. 


c 


4. 


False 


7. 


False 


5. 


V101 and RFC 102 


6. 


b 


6. 


R116 and RU7 


9. 


d 






10. 


c 


7. 


ground, R116 and RFC103 


11. 


b 









8. 


ground, R113 and R114 


12. a. 5 






b. 1 


9. 


True 


c. 6 






d. 4 


10. 


False 


e. 7 






f. 3 


11. 


False 


g. 2 






h. 6 


12. 


False 


If you missed ANY questions, review the 


13. 


True 


material before you continue. 








14. 


True 


ANSWERS TO B: 


15. 


True 


1. False 


16. 


True 


2. c 


17. 


B 


3. sideband and carrier 


18. 


c 


4. a. 6 


19. 


True 


b. 7 






c. 4 


20. 


Q104 and V101 


d. 3 






e. 2 


21. 


False 


f. 5 






g. 1 


22. 


True 



If you missed ANY questions, review the If you missed ANY questions, review the 

material before you continue, material before you continue. 
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ANSWERS TO D: 

1. a 

2. a 

3. c 

4. d 

5. b 

6. c 

7. True 

8. d 

9. c 



10. ground R118 and T103; also ground, 
R118 and T104 

11. R110, Q103, R109, R107 and R115; also 
R110, Q103, R107, and R115 



12. False 

13. True 

14. R104, L102; also R104, R105, and L103 

15. False 

16. R102, Q101, R106; also R102 and L102 

17. R117 and T103; also emitter collector 

18. T103 ' 

19. R120, T102, R122 t© V cc ; alsoR120 t and 
LI 04 and R123 

20. True 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO MODULE SELF -CHECK: 

1. c 

2. True 

3. True 



A 
*%• 


a.* 


3 






tt 




C* 


1 
■ 




A 

u* 


a 

w 




6* 


1 




f. 


5 




g. 


4 




h. 


2 


5. 


a. 


4 




b. 


5 




c. 


6 




d. 


3 




e. 


2 




f. 


7 




g- 


1 



6, Q101 



input - audio 

output - amplified audio 

next stage - CR101 



Q102 output - carrier 

next stage - CR101 

CR101 Inputs - audio and carrier 

outputs - * upper and lower 

sidebands 
next stage * filter 

Filter inputs * upper and lower 

sidebands 
outputs - either upper or lower 

sidebands 
next stage - Q104 

Q103 output - RF oscillations 
next stage - Q104 

Q104 inputs * sideband and RF 
oscillations 
output - sideband raised to 

higher frequency 
next stage - V101 
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V101 input - RF 

output - amplifier RF 
next stage - VI 02 

V102 input - RF 

output - amplified RF 
next stage - antenna 



7. Q101 R102, Q101, R116, T102; also 
R102, Q101, andT102 

Q102 R105, Q102, R103 to V cc ; also 
R105, Q102, and T103 to Vcc 

Q103 R107, Q103, R108; also R107, 
Q103, RFC101, and R109 to 

v C c 

Q104 Rill, Q104, and R110; also 
Rill, Q104, and T106 to V cc 

V101 R113, V101, and RFC102; also 
R113, V101, and R114 

V102 R115, V102, and RFC103 to B+; 

also R116 f V102, and R117 to 



6, Q101 input - RF 

output - amplified RF 
next stage - Q102 

Q102 input - RF 
output - IF 
next stage - Q103 

Q103 input - IF 

output - amplified IF 
next stage - Q107 

Q106 output - RF (carrier frequency) 
next stage - Q107 

Q107 inputs - RF carrier + IF 
output - audio 
next stage - Q104 

Q104 input - audio 

output - amplified audio 

next stage - Q105 and Q106 



Q105 input - audio 
& QI06 output - amplified audio 
next stage - speaker 



9. Q101 R102, Q10L R101, R106, R106. 

R109, and R107; also R102, 
Q101, and L102 

Q102 R104, Q102, L102, and R103 to 
Vcc; also R104, Q102, L103, 
and R105 then T101 to V C c 

Q103 R110, Q103, T101, R106, and 
R107 to V CC i also R110, Q103, 
T102, and R107 to V cc 

Q107 R120, Q107, T102, and R122; 

also R120, Q107, L104, and 
R123 

Q106 L105, R125, Q106, R124, and 
RFC107 to V C c; also L105, 
R125, Q108, and RFC107 to 

V CC 

Q104 Q104, R114, and T103; also 
Q104 and T103 

Q105 RU7, Q105, T103, and R116 to 
v CCi ^ so Q105, and 

T104 to V C c 

Q106 R116, Q106, T103, and Rl 16 to 
V C ci also R118, Q106, and 
T104 to Vcc 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
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ELECTRONIC PRINCIPLES (MODULAR SELF- PACED) 



MODULE 71 



PULSE MODULATION SYSTEMS 



This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives. 



CONTENTS 



Page 



Overview i 

List of Resources i 

Adjunct Guide 1 

Module SeU-Check 10 

Answers 16 



OVERVIEW 

1, SCOPE: This module contains material 
on the basics of a pulse modulated system 
and includes the following: the block diagrams 
of a transmitter and receiver with a description 
of each block, and the schematic diagram of a 
transmitter and receiver with a description 
of signal and Current paths, 

2, OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a. Given a labeled block diagram and a list 
of statements that describes each block of a 
pulse transmitter, match each block with the 
proper statement* 

b. Given a labeledblockdiagramandalist 
of statements that describes each block of a 
pulse receiver, match each block with the 
proper statement. 

c. Given a schematic diagram of a pulse 
modulation' transmitter, trace 



(1) the RF and Intelligence signal flow 
from origin to output. 

(2) direct current path through each 
stage in a closed loop, 

d. Given a schematic diagram of a pulse 
modulation receiver, trace 

(1) the signal flow fromorigintooutput. 

(2) direct current path through each 
stage in a closed loop, 

LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following; 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text DC 



Supersedes Guidance Package, KEP-GP-71, 1 June 1974. 
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AUDIO- VISUALS: 

Television Lesson, TVK 30-952, Pulse 
Amplitude Modulation 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK, 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP, 



The material presented in this module will 
assist you inunderstanding the use and opera- 
tion of pulse modulated systems. 

A* Turn to the Student Text, Volume DC, 
and read paragraphs 6-156 through 6-184* 
Return to this page and answer the following 
questions. 

1 . Four forms of pulse modulation used in 
time-division multiplexing are illustrated in 
figure 1 . Match each with the statement of 
that type of modulation by placing the statement 
number behind the figure letter* 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the back of this Guidance Package. 

Contact your instructor if you experience 
any difficulty. 

Begin the program. 



(1) A pulse whose amplitude is fixed and its 
position in reference to time is proportional 
to the frequency of the modulating signal. 

(2) The number of pulses in each group 
represents the amplitude of the modulating 
signal* 

(3) A pulse whose amplitude is pro- 
portional to the amplitude of the modulating 
signal at the instant of sampling. 

(4) The pulse width or duration, of each 
sample is proportional to the amplitude at 
the point of sampling. 



TIME 



SINE WAVE MODULATION 



-XLMUUU 
JL_l 



TJME 



TIME 



TIME 



TIME 



Figure 1 
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6. From the Labeled block diagram In figure 3 and the list of statements that describes each 
block of a pulse transmitter, match each block with the proper statement. 

(1) The stage that determines when the transmitted 
pulse is developed 

(2) The stage used to charge the PFN to nearly 
twice the supply voltage. 

(3) The stage that supplies the DC power for the 
transmitter. 



a. pulse forming network 

b. timer 

c. transmitter 
power supply 

**- charging choke and diode 

,, , f. switch 

_ _ g. pulse transformer 



(4) The stage that determines the duration of the 
transmitted burst of RF energy. 

(5) The stage that discharges the PFN through the 
pulse transformer. 

(6) The stage that couples the rectangular pulse 
into the oscillator stage* 

(7) The stage that produces the RF oscillations to 
be radiated into space. 



POWER SUPPLY 






CHARGIN 
A* 

CHARGIN 


G CHOKE 
JD 

G DIODE 



PULSE FORMING 
NETWORK 



jJ*^D^LA^R_UN^T ^ 



i 



switch 



pulse 
transformer 



i 



TRANSMITTER 



TIMER 



V 



REP4-1S46 



J R AN SMI TJ ER^ U N JJ 

Figure 3 

CONFIRM YOUR ANSWERS AT THE BACK OF THIS GUIDANCE PACKAGE . 
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L104 L105 




RFC101 



REP4-184? 



B- Turn to Student Text, Volume DC, and read 
paragraphs 6-185 through 6-187. Return to 
this page and answer the following questions. 

NOTE: Use figure 4 In answering questions 
1 through 8, 



1. A path for direct current in the V106 
circuit is from ground, through V106 to the 



screen grid, RFC 

tO B«K 



and 



2, The bias network for V105 is from the 

negative power supply Himug-htt 

and R - to ground, 

3 * The charge path of the PFN is from ground 

through T ■ to C and 



Figure 4. Pulse Modulated Transmitter 

C j then through L . 

and L $ V , 

L , and L , 

V . or V to ground. 



4- The discharge of the PFN is from 

C and C « through 

T , V , L 

and L back 



to C 



and C 



5. During the discharge of the PFN^a path 
of current flow in V106 is from ground through 
V106, T104, and T103 back toground, (TRUE/ 
FALSE) 
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6. A positive voltage pulse is applied to the 
grid of V105 to 

a. allow the PFN to charge. 



b. determine how long the PFN will 



take to discharge. 



c. determine when the PFN will 



discharge. 

d. cut V105 off. 

7 + Oscillations are produced in the plate 
circuit of V106 during the 

a. charge time of the PFN. 

, b. time that V104 conducts. 

- c. discharge time of the PFN. 

, d. timer PW only. 



8. The signal on the grid of V 

causes the . to discharge through 

T , producing a positive voltage 



3^ 



pulse on the plate of V 



* f allowing 



RF oscillations to be coupled to the secondary 
of T >. 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 



C. Turn to Student Text, Volume DC, and read 
paragraphs 6-188 through 6-196. Return to 
this page and answer the following questions. 

NOTE: Use figure 5 in answering questions 
1 through 4. 

1, The narrower the PW, the narrower the 
required bandwidth of the receiver. {TRUE/ 
FALSE) 

2, The video amplifiers used in pulsed 
receivers are very narrow band amplifiers. 
(TRUE/FALSE) 

3, Increasing the bandwidth beyond the 
optimum point reduces the signal-to-noise 
ratio. (TRUE/FALSE) 
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Figure 5. 
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RF 

AMPLIFIER 
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Figure 5. (Repeated) 

4, From the labeled block diagram and the list of statements that describes each block of a 
pulse receiver, match each block with the proper statement. 



a. Frequency converter 

b. Video amplifier (power) 

c. Detector 

d. RF amplifier 

e. IF amplifiers 

f. Video amplifiers 



(1) The nonlinear stage that produces the IF 
frequencies. 

(2) The stage that heterodynes the sidebands 
against the carrier. 

(3) The stage that couples the signal out of the 
receiver. 

(4) The stage that amplifies the video signal 
from the detector- 

(5) The stage that isolates the local oscillator 
from the antenna and amplifies the received 
RF signal, 

(6) The stage that amplifies a select band of 
frequencies to be applied to the detector. 

CONFIRM YOUR ANSWERS AT THE BACK OF THIS GUIDANCE PACKAGE. 



D. Turn to Student Text, Volume DC and read 
paragraphs 6-197 through 6*198, Return to 
this page and answer the following questions. 

NOTE: Use the receiver schematic diagram in 
figure 6 in answering questions 1 through 16, 

1. The amplified RF from the RF amplifier 
is coupled to 



a. the base of Q102 by L102, 

b. the base of Q102 by R103. 

c. The collector of Q102 by T101 and 



R105, 



2, What type signal is present in the col* 
lector circuit of Q104? 



a. Modulated IF 

b. RF Carrier 

c. Video 

d. IF 



3. What signal is developed in the tank cir- 
cuit of L103 t C102-C, and CI 10? 



d. The collector of Q104 by C119. 



a. Modulated IF 

b. RF 

c. Unmodulated IF 

d. Local oscillatitions 
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Figure 6. Pulse Modulated Receiver 
vRepeated) 
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Electronic Principles Department ATCGP 3AQR3X020-X 

Keesler Air Force Base t Mississippi KEP-GP-72 

July 1974 

TROUBLESHOOTING TECHNIQUES 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course, It contains specific information, including references to other sources 
you may study enabling you to satisfy the learning objectives, 

CONTENTS 



TITLE PAGE 

Overview 1 

List of Resources 2 

Digest 3 

Adjunct Guide 5 

Self-Check 11 

Critique 13 



Supersedes KEP-GP-72, dated 1 January 1974 - 



existing stocks will be used, 
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OVERVIEW 

TROUBLESHOOTING TECHNIQUES 

1. SCOPE: This module contains material on the following: schematic diagram layout, the 
troubleshooting steps used in electronic maintenance, and the purpose of each stage in a typical 
AM radio receiver, 

2, OBJECTIVES: Upon completion of this module you should be able to satisfy the following 
objectives: 

a. Given a list of statements, select the one that describes the layout of a radio receiver 
schematic diagram, 

b. Given a list of troubleshooting steps, arrange them in a logical sequence, 

c. Given a transistor receiver schematic diagram, indicate the frequencies used at each 
point where a signal generator would be connected to align a receiver* 



AT THIS POINT YOU MAY TAKE THE MODULE SELF- CHECK* 

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT 
PAGE AND PREVIEW THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT 
YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS. 
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LIST OF RESOURCES 

TROUBLESHOOTING TECHNIQUES 

To satisfy the objectives of this module, you may choose, according to your training, 
experience, and preferences, any or all of the following: 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text 
AUDIO VISUALS: 

TV Lesson, Troubleshooting Procedures, TVK-30-610 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CHECK, 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE, 

387 
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DIGEST 



TROUBLESHOOTING TECHNIQUES 



A schematic diagram is a plan or diagram of an electronic circuit using standard symbols. 
Student Handout (SH) 1X-1, Transistor Receiver, contains a block diagram and a schematic 
diagram of a topical radio receiver* Both diagrams are divided by dotted lines to show the 
RF, IF, and Audio sections. 

Troubleshooting requires a logical step-by-step procedure to isolate the problem. Basically, 
these steps are: 

U An Operational Check 

2. Visual Check 

3. The Half-Split Method 

4. The Stage-by -Stage Method 
5* Component Isolation 

The operational check is used to determine the section or stage of the system that is not 
operating properly* Some of these checks may consist of meter readings, oscilloscope readings; 
or power, frequency, signal to noise ratio, and percent of modulation checks. 

The half-split method is used by dividing a complex system in half and determining which 
half contains the malfunction* This process is repeated until the fault is isolated to a stage* 

The stage-by -stage method is a process where each stage is checked in turn starting at the 
output and working toward the input* An RF signal generator may be used to inject a signal 
into the various stages while an oscilloscope may be used to monitor the output. When injecting 
the signal into the RF section of the receiver in SH IX- 1 a modulated 535 kHz to 1605 kHz signal 
is used* In the IF section, a modulated 455 kHz signal is used* When injecting a signal into the 
audio section it is most common to use a 400 Hz or 1000 Hz signal* 

The component isolation step occurs when the trouble has been isolated to a stage* Voltage 
and resistance checks are then used to determine the faulty component* 

The visual check is made during any of the steps* Some of the things that can be determined 
by this check are frayed insulation, burnt components, evidence of arcing, broken leads or 
smoke from overheated components* 

Once the bad component is replaced, another operational check is needed. This insures that 
all the troubles are cleared and the equipment is operating at peak performance* 

Theoretical trouble shootingis alsoimportant. During the half-split or stage^by -stage methods, 
it is necessary to consult the block diagram. Here a knowledge of the purpose and operation 
of each stage is required* When the trouble is isolated to a stage, the schematic diagram must 
be used* When the voltage and resistance checks are made within the stage, a knowledge of 
the purpose of each circuit component and its relationship to other components is necessary* 
For example, if a good signal were found on the base of amplifier Q105 and there was no output 
from the collector, the trouble would be isolated to that stage* The first step in locating the 




DIGEST 



defective component would be a voltage check* For example, 11 the collector was found to be at 
Vqq &nd zero volts on the emitter there should be two possible troubles*The transistor could be 
bad or resistor R117 could be open, further resistance checks would isolate the bad component* 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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ADJUNCT GUIDE 

TROUBLESHOOTING TECHNIQUES 

INSTRUCTIONS: 

Study the reference materials as directed 
Return to this guide and answer the questions. 

Chtck your answers against the answers at the top of the next even numbered page following 
the questions. 

If you experience any difficulty, contact your instructor. 
Begin the program. 



A, Turn to Student Text, Volume IX, and read paragraphs 7-1 through 7-17, using Student 
Handout, K EP-SH-IX-L Return to this page and answer the following questions: 

1, Normally! the signal input is on the , side of the diagram and the output 
signal is on the side. 

2, Signal flow in the diagrams is from to . , 

3, In an electronic schematic containing 50 resistors, Rl mnnirf nn th* 
and R50 would be on the . 

4* Radio receivers and transmitters are often divided into in 
accordance with the frequencies they contain* 

5. Name the three basic sections according to frequency, found in a radio receiver. 

a, 

b, 

c, 

6. The IF amplifier section of our receiver is designed to operate at i kHz, 

7. The detector extracts the signal from the — signal* 

8. The purpose of the AVC is to prevent the receiver from being , 

9. In the AVC circuit of our receiver, when a strong signal is received, the forward bias is 
(increased) (decreased), 

10. In this radio receiver, the converter oscillator is *r nari kHz (above) 
(below) the incoming RF frequency, 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ADJUNCT GUIDE 



ANSWERS TO A: 



1. 


left - right 


2. 


left - right 


3. 


left - right 


4. 


sections 


5. 


a. RF 




b. IF 




C. AF 


6. 


455 kHz 


7. 


audio, IF 


8. 


overdriven 


9. 


decreased 



10. 455 kHz, above 

If you missed ANY questions, review the material before you continue. 

L , 

B. Return to the Student Text, Volume IX, and read paragraphs 7-16 through 7-37. Return 
to this page and answer the following questions. 

1. List three checks that may be made during the operational check: 



b. 



2. A logical way to trouble shoot is to start with the section near the 



3, Two methods of troubleshooting are half-split and 



4. When the trouble is isolated to one stage, the next step involves making 



and 



checks. 
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ADJUNCT GUIDE 



5, The lirst step after the Initial operational check would be the 



6« Arrange the following troubleshooting steps in the proper order: 

1. A, Component Isolation 

2. . B. Operational Check 

3. C, Stage by stage method 

4. D, Half Split 

5. E, Visual Check 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 

C, Turn to Student Text, Volume IX, and read paragraphs 7-36 through 7-46, Return to this 
page and use the receiver schematic ( SH-IX-l) to answer the following questions, 

1. There is no output from the RF section and all DC voltages are normal. Which of the fol- 
lowing could be the trouble? 



a, R1Q2 open, 

b, C101 short. 

c, R101 short, 
. d. C105 open. 



2* There is no output from the speaker and it is found that Q105 and Q106 have normal DC 
voltages. All other stages have zero volts present. Which of the following could be the trouble? 



-a, RU5 open, 

-b, 3107 open, 

.c, Rll 1 open, 

.d. C122 short. 



3. The output is good from the center arm of the volume control but no output from audio 
amplifier Q104, All DC voltages are normal. Which of the following could be the trouble? 

a, R114 open, 

b, CU8 open, 

c. C120 short, 

Emitter shorted to ground 
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ADJUNCT GUIDE 



ANSWERS TO B: 

1. (Any three of the following) 

a* Front panel meter readings 

b. Built in oscilloscope readings 

c* Transmitter power and frequency readings 

d Receiver signal to noije ratio readings 

e. Audio distortion and percent of modulation checks 

2. output 

3 . stage -by -stage 

4. voltage and resistance 

5. Visual 

6. (1) B 

(2) E 

(3) D 

(4) C 

(5) A 

If you missed ANY questions, review the material before you continue* 



4, The output is distorted, collector of the IF amplifier Q103 is lower than normal, the 
emitter is zero volts. Which of the following could be the trouble? 

a. C115 short. 

b. R107 open. 

p- RVO open. 

h Primary T102 open. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO C: 

1. b 

2. a 

3. b 

4. a 

If you missed ANY questions, review the material before you continue. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK, 
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MODULE SELF-CHECK 

TROUBLESHOOTING TECHNIQUES 
U Arrange the following list of troubleshooting steps In the logical order: 



1* . A, Stage- By -Stage Method 

2, B, Visual Check 

3, C, Operational Check 

4, X), Component Isolation 

5, . E, Half-Sfrlit Method 



2. What is the frequency of the IF amplifiers In our AM radio receiver? 

3, Frequencies from the output of the detector circuit of our AM radio receiver are in the 

. frequency range* 

4, In a schematic diagram, the lower numbered component parts are found on the 
side of the drawing* 

5. The RF frequency ranee of our AM radio receiver is kHz to 

kHz, 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 
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MODULE SELF- CHECK 



ANSWERS TO MODULE SELP-CKECK: 


1. U> 


C 


(2) 


B 


(3) 


E 


(4) 


A 


(5) 


D 


2. 455 kHz 


3. audio 


4, left 




5. 550 kHz to 1600 kHz, 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS 
CORRECTLY, IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE. 
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ELECTRONIC PRINCIPLES 
MODULE 73 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course, This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives. 



CONTENTS 



TITLE PAGE 

Overview 1 

List of Resources 2 

Laboratory Exercise 3 

Critique 15 



Supersedes Guidance Package KEP-GP-73, 1 January 1974, which will be used until the stock 
is exhausted. 



i 

33.9 



OVERVIEW 



RECEIVER TROUBLESHOOTING 

1. SCOPE: The purpose of this module Is to teach you practical troubleshooting. You will 
troublesboot a transistor radio receiver us^ig common test equipment. As a result of this 
procedure, you will Isolate various malfunctions, 

2* OBJECTIVE: Given a transistor radio receiver, schematic diagram, and signal generator, 
locate four out of five faulty components. 



TURN TO THE NEXT PAGE AND PREVIEW THE LIST OF RESOURCES, DO NOT HESITATE 
TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS, 
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LIST OF RESOURCES 



RECEIVER TROUBLESHOOTING 

To satisfy the objectives of this module, you may choose according to your tralaiug, 
experience, and preference, any or all of the following: 

READING MATERIAL: 

None 

LABORATORY EXERCISE: 

73-1 Receiver Troubleshooting 



TURN TO LABORATORY EXERCISE 73-1 AND BEGIN, CONSULT YOUR INSTRUCTOR IF 
YOU NEED ASSISTANCE* 
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LABORATORY EXERCISE 

TRANSMIT AND RECEIVE SYSTEMS 
RECEIVER TROUBLESHOOTING 

OBJECTIVE; 

Given a transistor radio receiver, schematic diagram, multimeter, oscilloscope, and a 
signal generator, locate four out of five faulty components* 

EQUIPMENT: 

Transistor Radio Receiver Trainer D-5575 with Headsets 

Oscilloscope 

AN/PSM-6 Multimeter 

RF Signal Generator DD-4867 

REFERENCES; 

Student Text Volume IX, Chapter 7 
KEF -SH-2, Transistor Receiver 

CAUTION; OBSERVE BOTH PERSONAL AND EQUIPMENT SAFETY RULES 
AT ALL TIMES* REMOVE WATCHES AND RINGS* 

The transistor receiver trainer has been designed for use in practical troubleshooting* 
The compartment on the right side of the trainer contains nine switches* Each allows a specific 
trouble to be Inserted Into the set, YOU WILL NOT OPEN THIS DOOR AT ANY TIME, Troubles 
will be inserted into the trainer by your instructor. 

The following malfunctions "are simulated by the switches: 

a* Open lead from the secondary at T104 to the headset jack, 

b. Center tap open on T104 primary* 

c. Bias resistor, R116 open, 
d* Shorted Detector, CR101 

e* Bottom of T101 secondary open, 
f* Emitter circuit of Q101 open, 

g. Bottom of L102 primary open, 

h. Bias resistor, R103 open, 

i. Emitter circuit of Q104 open* 

3 
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LABORATORY EXERCISE 



PRELIMINARY INSTRUCTIONS: 

OSCILLOSCOPE PREPARATION, Turn the oscilloscope ON and allow tt to warm up. 
You will be using only a single channel for observing amplitude modulated signals* It will not 
be necessary for you to make voltage or frequency measurements with the oscilloscope during 
this exercise, 

MULTIMETER PREPARATION, Place the meter In a position where you can easily see 
It In the rear of your work area* You will be making voltage readings on the 10 V and 2,5 VDC 
voltage ranges, 

RF SIGNAL GENERATOR PREPARATION. You will be using the RF Signal Generator 
to Inject audio, IF, and RF signals into the radio receiver during the troubleshooting process. 
As you study the following Information, carefully observe the control locations on your gen- 
erator, as you will not be given detailed instructions later in the exercise. 

1. Place the function switch in Standby and allow the set to warm up as you study the 
Instructions, 

2, The generator has three operational conditions controlled by the function switch; 

a, CW (Continuous Wave). A constant amplitude RF sine wave is produced at a 
frequency determined by the setting of the main tuning control. 

b, MOW (Modulated Continuous Wave). An RF wave an plltude modulated with a 
400 Hz audio signal* * 

c, AUD (Audio). A 400 Hertz audio frequency, 
* 3, There are two output jacks on the generator; 

a. The audio output is located at the lower left. The 400 Hz signal is available at 
this jack when the function switch is in the AUD position. 

b. The RF output jack is located in the lower right side of the paneL The RF 
frequency output is selected by the main tuning control when the function switch is in either 
the CW or MCW positions. 

4. The meter switch has two positions: 

a, MOD - In this position the meter reads the percent of modulation and is con* 
trolled by the modulation control at theleft side of the paneL 

b. RF Carrier - In this position the meter reads the Carrier Level in microvolts 
and is controlled by the Fine Attenuator control. 

CAUTION: Place this control in the RF Carrier Position for this exercise* 
Always monitor the meter and DO NOT allow it to reach full scale deflection. 
It should never exceed a Carrier Level of 8* 
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LABORATORY EXERCISE 



5. The Step Attenuator switch controls the amplitude of the RF output signal. Place it in 
the X10 k (fully CW) position as a starting point. 

6. The range switch controls the frequency range of the main tuning control. 

7. When troubleshooting with the RF generator, you will ne*j an audio signal, if signal 
(455 kHz MODULATED), and a modulated RF .signal in the range from 550 kHz to 1600 kHa 
(1.6 MHz). These will be obtained as follows: 

a. Audio 

(1) Set the Function Switch to AUD 

(2) Connect the generator probe to the Audio Output Jack. 

(3) Adjust the output amplitude by using the Modulation Control. 

b. Modulated 455 kHz IF. 

(1) Set the Function switch to MCW. 

(2) Set the Range switch to B. 

(3) Adjust the main tufting control to 455 kHz. 

(4) Connect the generator probe to the RF output Jack. 
NOTE: A capacitive probe must be used with this jack. 

(5) Adjust the amplitude of the modulating signal by using the Modulation 
Control* 

d Modulated RF, 

(1) Set the function switch to MCW. 

(2) Set the Range switch to either D or C depending on the frequency you 
desire* 

(3) Adjust the main Tuning control to the frequency you desire. 

(4) Connect the generator probe to the RF output jack. 
NOTE: A capacltlve probe must be used with this jack. 

(5) Adjust the amplitude of the modulating signal by using the Modulation 

Control. 

NOTE: During the troubleshooting, refer to the above instructions for setting up the 
signal generator. 
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LABORATORY EXERCISE 



RADIO RECEIVER PREPARATION, Plug your transistor radio receiver trainer into a 60 Hz 
AC outlet and turn the trainer on by turning the Volume control* Tune the receiver to a station 
to insure that the trainer Is working. On the left end there is an external antenna connection. 
It may be necessary to touch this terminal with your hand while tuning the receiver to a station. 
If you are unable to obtain a station t call your instructor. Once you determine the receiver is 
working t tune it so that no station is being received* DO NOT open the door at the right end at 
any time. 

When following the troubleshooting instructions, use the handout schematic diagram. Fol- 
low the signal paths through the receiver and the paths for current flow through the stages. 



PROCEDURE A: 

1, This exercise is necessary to establish the exact normal voltages at the test points 
on your trainer. The test points are labeled TP101 through TP113, Omit TP115 as it is an 
audio frequency that is visible when using the oscilloscope* 

2* Measure each voltage carefully with the PSM-6 Multimeter and record them on your 
handout schematic in the spaces provided. Since these are very low voltages, some troubles 
may cause only slight variations* Therefore, accuracy in your measurements are important, 

3, When your measurements are complete, compare them with the following readings* 
Since there Is a difference between receiver trainers, yours may differ slightly. If you have a 
great difference in readings, retheck your findings. If there is still a great difference, call 



your instructor. 




TP101 = +0,65 


TP108 = +0,51 


TP102 * +7,0 


TP109 = +0.64 


TP103 = +0*6 


TP110 = +*.4 


TP104 = +7,0 


TP111 = +0,64 


TP105 = +1,38 


TP112 = +8*4 


TP106 ^ +7,0 


TP113 = +*.4 


TP107 = +5,8 




PROCEDURE B: 



1* Remove all test leads from your trainer and have your instructor insert trouble 
number 1, 

2* Set up the signal generator as previously instructed to produce an audio signal and 
inject it into test point TP108* Do you hear the 400 Hz audio signal? 

NOTE: When injecting audio signals into test points, TP109, TP111, TP110, TP112, and 
TP115 you WILL NOT hear an output in the headset. The amplitude of the audio signal from 
the signal generator Is not strong enough to drive the amplifiers and the headset. However. 
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LABORATORY EXERCISE 

you will observe the signal on your oscilloscope* During the troubleshooting procedures, you 
should observe the audio output signal on the oscilloscope at TP115 and listen for it at the same 
time in your headset* Adjust volts/Div control on the oscilloscope as needed to obtain a visual 
presentation. 

3, Place the oscilloscope probe In TP107* Is the audio signal present? 

4. Place the oscilloscope probe in TP115. Is the audio signal present on the secondary of 
TICM?^ 



5* Which of the following troubles could cause this trouble? 

a. Open lead to the headset jack. 

b. Open center tap on the primary of T104. 

c. Resistor Rl 16 open. 

d. Short CR101. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



PROCEDURE C: 

1* Remove all test leads from your receiver and have your instructor clear trouble number 
1 and insert trouble number 2, 

2. Set up the signal generator to produce an audio signal and inject it into TP108. Do you 
hear the 400 Hz tone in the headset? 



3. Place the oscilloscope probe in TP107. Is the audio present? 

4. Place the oscilloscope profoe in TP115. Is the audio present? 

5. Place the oscilloscope probe in TP110. Is the audio present? 

6. Make voltage measurements with the multimeter and compare the normal voltages 
with the actual voltages, 

TP100 and TP111 Normal = Actual = 

TP110 and TP112 Normal = Actual = 



7- Which of the following troubles could cause these indications? 

a. An open lead from the secondary of T104 to the headset Jack, 

b. Open center tap on the primary of T104* 
c* Resistor R116 open* 

d. Resistor R103 open* 
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE* 
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ANSWERS TO LAB PROCEDURE B; 




1. No response required. 




2. No 




3, Yes 




4. Yes 




5. a. Open Lead to the headset jack. 





ANSWERS TO LAB PROCEDURE C: 




1, No response required. 




2, No 




3, Yes 




4, No 




5. No 




6, TP109 and TP111 Normal = f0,64 
TP110 and TP112 Normal = +8,4 


Actual = +.65 
Actual = zero 


7, b* Open center tap on the primary of T104* 





PROCEDURE D: 

U Remove all test leads from your receiver and have your instructor clear trouble 
number 2 and insert trouble number 3* 

2, Set up the signal generator to produce an audio signal and Inject It into TP106. Do you 
hear the 400 Hz tone in the headset? 

3, Insert the oscilloscope probe Into TP107. Is the audio signal present? 

4, Insert the oscilloscope probe into TP115, Is the audio signal present? 

5, What are the voltages at TP109 and TP1U? and , 

6, Which of the following troubles could cause these indications? 

a, CR101 shorted. 

b. emitter circuit of Q104 open. 
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o. Open center tap of T104 primary open. 

d. Resistor R116 open. 
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 

PROCEDURE E: 

1. Remove all test leads from your receiver and have your Instructor clear trouble 
number 3 and Insert trouble number 4. 

2. Set up the signal generator to produce an audio signal and Inject It Into TP108. Do 
you hear the 400 Hz tone In the headset? 

3. Set up the signal generator to produce a modulated 455 kHz signal and Inject It into 
TP105. set the VOLTS/Dlv control on the oscilloscope to 0.1 and connect the oscilloscope 
probe to TP106* Do you see an output? 

4. Place the oscilloscope probe Into TP108. IS there a signal present? 

5. Which of the following troubles could cause these indications? 

a. Resistor R103 open. 

b. CR101 shorted. 

c. Bottom of T101 secondary open. 

d. Resistor R116 open. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



PROCEDURE F: 

1. Remove all test leads from your receiver and have your instructor clear trouble 
number 4 and Insert trouble number 5. 

2. Set the signal generator to produce an audio signal and insert it Into TP108. Do you have 
an audio output? 

3. Set up the signal generator to produce a modulated 455 kHz and inject it into TP103. 
Do you have an audio output? * 

4. inject the signal into TP106. Do you have an audio output? 

5. Inject the signal Into TP105. Do you have an audio output? 

6. Make the following voltage measurements with the multitneter and show the normal and 
actual values: 

TP105 Normal Actual 

TP106 Normal Actual 
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ANSWERS TO PROCEDURE D: 

1. No response required. 

2. No 

3. Yes 

4. No 

5. Zero volts on both. 

6. d. Resistor R116 open. 



ANSWERS TO PROCEDURE E: 

1. No response required. 

2. Yes 

3. Yes t 

4. No 

5* b. CR101 shorted 



7. Which of the following troubles could cause these indications: 
a* Bottom of T101 secondary open* 

b. CR101 shorted. 

c. Resistor R103 open. 

d. Bottom of LI 02 primary open. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



PROCEDURE G: 

1. Remove ail test leads from your receiver and have your instructor clear trouble 
number 5 and Insert trouble number 6. 

2. set up the signal generator to produce an audio signal and inject it into TP108. Do you 
have an output? 

3. Set up the signal generator to produce a modulated 455 kHz and inject it into TP105. 
Do you have an output? 
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3. Inject the modulated 455 kHz signal into TP103. Do you have an output? 

NOTE: The modulation control on the signal generator may need to be turned clockwise* 

4. set up the signal generator to produce a modulated 900 kHz, Place the Step Attenuator 
to xl k and adjust the Fine Attenuator control to 8. Set the receiver tuning dial to 900 kHz 
and Inject the signal into TP101, Do you have an output? 

5. Which of the Hollowing troubles would cause these indications? 

a. Bottom of T101 secondary open. 

b. CR101 shorted. 

c. Emitter circuit of Q101 open. 

d. Resistor R116 open. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



PROCEDURE H: 

1. Remove all test leads from your receiver and have your instructor clear trouble 
number 6 and Insert trouble nunber 7. 

2. Place the Step Attenuator to x 10 k. Then set up the signal generator to produce an 
audio fre<tuency and inject it Into TP108. Do you have an output? 

3. Set up the signal generator to produce a modulated 455 kHz signal and Inject it Into 
TP105. Do you have an output? 

4. Inject the modulated 455 kHz signal into TP103. Do you have an output? 

NOTE; The modulation control on the RF signal generator may need to be turned clockwise. 

5. Set up the signal generator to produce a modulated 900 kHz signal. Set the Step Atten- 
uator Switch to xl k. Adjust the receiver tuning dial to 900 and Inject the signal into TP101. 
Do you have an output? 

6. Make voltage measurements with the multimeter and compare the normal and actual 
values: 

TP101 Normal = Actual = 



TP102 Normal a Actual * 
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ANSWERS TO PROCEDURE F: 

1. No response required* 

2. Yes 

3. No 

4. Yes 

5. No 

6. TP105 Normal = fl.38 Actual = Zero volts 
TP106 Normal = +7.0 Actual = f7.7 

7. a. bottom of T101 secondary open. 

ANSWERS TO PROCEDURE G; 

1. No response required. 

2. Yes 

3. Yes 

4. No 

5. c Emitter circuit of Ql 01 open. 



7. Which of the follouring troubles would cause these indications? 

a. Resistor R103 open. 

b. Bottom of T101 secondary open. 

c. Emitter circuit of Q104 open. 

d. Bottom of LI 02 primary open. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 

PROCEDURE I: 

1. Remove all test leads from your receiver and have your instructor dear trouble 
number 7 and insert trouble number 8. 




LABORATORY EXERCISE 

2. Set up the signal generator to produce an audio frequency and Inject It into TP106. 
Do you have an output? 

3. Place the Step Attenuator Switch to 100. Set up the signal generator to produce a 
modulated 455 kHz signal and Inject it Into TP105. Do you have an output? 

4. Inject the modulated 455 kHz signal Into TP! 04, Do you have an output? 

5. Inject the modulated 455 kHz signal Into TP103. Do you have an output? 

6. Make voltage measurements with the multimeter and compare the normal and actual 
voltages. 

TP104 Normal = Actual = 

TP103 Normal = Actual = 

7. Which of the following troubles could cause these Indications? fc 

a. Emitter circuit of Q104 open, 

b. Resistor R103 open. 

a Bottom of L102 primary open, 
d. Resistor RU6 open. 

CONFRIM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
PROCEDURE J: 

1. Remove all test leads from your receiver and have your Instructor clear trouble 
number 6 and insert trouble number 9. 

2. Set up the signal generator to produce an audio frequency and Inject It Into TP! 08. Oo 
you have an output? 

3. Inject the audio signal Into TP107. (It may be necessary to turn the modulation control 
CW on the generator.) Do you get an output? 

4. Measure the voltage at TP107 and compare It with the normal voltage. 

TP107 Normal = Actual * 

5. Which of the following troubles could cause these indications? 

a. Resistor R116 open. 

b. CR101 shorted. 

c. Emitter circuit of Q104 open. 

d. Center tap open on T104 primary. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO H; 




1 . No response required 




2. Yes 




3. Yes 


* 


4. Yes 




5. No 




6. TP101 Normal = +0.65 Actual = +0*55 




TP102 Normal = +7.0 Actual = Zero 




7. (t Bottom of L102 primary open. 






ANSWERS TO I: 






1. No response required 






2. Yes 






3* Yes 






4. Yes 






5. No 






6. TP104 Normal = +7*0 


Actual = 


+7.2 


TP103 Normal = +0.6 


Actual '= 


Zero 


7* b* Resistor R103 open* 







ANSWERS TO J: 

1* No response required 

2. No 

3. Yes 

4. TP107 Normal = +5*8 Actual = +7*4 

5. c* Emitter circuit of Q104 open 

CONSULT YOUR INSTRUCTOR FOR A PROGRESS CHECK* 
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